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(54) Title: MODIFIED ANTIBODY AGAINST CD22 AND UTILIZATION THEREOF
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< (57) Abstract: Based on the sequencial data of two anti-CDD22 antibodies having been published, CID22 diabodies in which variable
regions of the heavy chain and the light chain are bonded together via a Smer linker are constructed. These 2 diabodies are examined
\& in binding to lymphoma cells and activity of inducing cell death (apoptosis). As a result, it is found out that both of these diabodies
I~ bind to a Raji celle (i.c., a B lymphoma cell line) and have an activity of inducing apoptosis in the Raji cell and a Daudi cell which
T~ is also a B lymphoma celi line. These results indicate that degraded antibodies recognizing CD22 are usable as apoptosis inducers
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in tumor cells such as lymphocyte cells.
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3-46 ) L TITH T LR TE B, HEOREREMENHEITIE, TALT
VEOREREEETIERN T LRA S, REXTXEIV, TO%, Ao
7Y F—~ OnRNAD b ISR & A THEOAARE (V) OcDNAZ &R
L. B bv/-cDNADELF| & MDD F IR & 0 ST i kv, |
wm&%ﬁ#éﬁ@@,wua%ﬁ?&@@%uﬁwm&<\vﬁxmm\5
v MNfh, OV RGE, €Y VR, b MABSEEEAVE L LRTEB, X,
b MCRHTAREARMZETSE5Z LS5 B L LTABMICKE Licit
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TR BGE, flxiEX, ¥ 25 (Chimeric) HifE, b }‘Eg‘ﬂﬂ (Humanized) i

RELEHATED, INLOWEREIL. BHOFEZRNTEE TS 8T

X5, ¥ATHAER. b FUOBLES. I, <o AHEOES. B
TERS L b MAKORSE, BEOEHERN 62 BAKETH Y, < ¥ 2K

DFEFIE = — F92DNA% & MR ORI E 3— KN LR L, =

NERTY 5 —ICRAA TRECHA LBESE T LICE VBB L AT
&3, |
| I\’:ﬂ”ﬂi?fﬂﬁﬂi\ B (reshaped) b MHUEL bFREN. B MU ORAE)

W, Tk X~ U AR OARFEMER EMEE (CDR; complementarity determining

region) %&b MAKOHBERERE~BHELLZLOTHY . TO—RHNZEE
FHRBIFEDMLNATVD, BEMICIK, <Y XFEDCORE & MiED 7 L—
LU= 2B (Framevork region ; FR) %R 5 & 5 I BBk L DNAEEFI% . 5
%“‘Bk?i‘—/\-—7 v T TEEGEETDHLIIC f@%&’bf:?ﬁ@@ﬁ) :1’37 VAT
}m%wm&m;@éﬁ?éo%Bhtmm&tbﬁwﬁﬁﬁﬁ%:—kfémmk
ERE L, IRKOTRIANY ¥ —ITHEBIAAT, ThEEICEALELSEE DL
EVR/OND (BRINEFFHEAREZSEP 239400 . ERRMEHFHRTABEESW0 96
/025768 MR) , CORZMT L TEFR XN D b MAMKOFRIT, FEMMEREREN RIF42
PRSI AT 5 bORBRENS, SEEL. BHERL - mEoRE
MR TE RIS B 2R AL 2R T B & 5 ICHABO T BERO 7 L— A
—VEROT I BEBERLTH L (Sato, K et al., Cancer Res. (1993) 53,

851-856) , _

IRBR A TR ML SIi 0TI, ESTE LRI F A ik
L MUEEEToTHENL, %2 TRt MULERIT - - BITES TLe
fToTh LU, |

B, MAKORBFEL MO T Be BIRIE. £ N Y 2 HE in ritro
THEOHRELIITEORFE 2 HHATHMBTREMEL, BIEY L S3kEE F 3
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| EE—HER, BIAIEU266 L BA S ¥, PUR~ORAEMERTBIEOL M

BE/BDILHLTED (BFATI-59878BM) . k7. t MAKEEFOLTOL
NR=bh)=2FTB VAR 2=y VB R FTEORBE CRET S Z & THFE
@tb#ﬁ%ﬁ%ﬁ& amf%é(l@%#&ﬁ“ﬁ%%m9ﬂmm7wow/.
03918, WO 94/02602, WO 94/25585 W0 96/34096, WO 96/33735&H) , X biz.
MAES A 750 —2 BT, AvmL ZICE D b M B B b
enrwéowzﬁ\tbﬁwwﬂﬁﬁﬁ%éxﬁﬁw(mm)ebr77—v
74R7V4$kl077 VORMITHER I E, AR TE 77 —URB
ﬁ?é_&#fﬁéo%ﬂéht77~v@ﬁh?%ﬁﬁfhﬁ\ﬁﬁkﬁé?
Bt MABOTERE L 2 — N AINARSIZRET S = L A TE B, HURICRS
5 soFYDDAEBIZ ] & A iedulE, MRABSIE A LIRS BB RA) 5 —%
W@L\tbﬁ@%ﬁﬁ?é:kﬁ?%éothWﬁ&m%uEﬁﬁbD\
92/01047, WO 92/20791, WO 93/06213, WO 93/11236, WO 93/19172, WO 95/01438,

WO 95/15388% BEICT B LRTE B,

FEAOHTEIZ, RV =F L7 Y a—n (PEG) . BAHHE. F oo %0
EMHTFLRA LAY Ya e MAKTH LV, 205 Ry Vabie M
i, RO NIRRT Z L iCk > TR Z LR TE B, 2E.
DB H L ONFICROTT TICBLSh T3, ZERICKITS 4T
wjmm:naosyv;#~ nEbaEssns,

FRPL, FRAOHSE 2 — F4+2DNAZRET D, X, ZHINAE R FY
= FREHTTAL T Y 54 XL, RR~OBAEROE S H T 5HkE o

= FFBINARBET D, N T Y FA¥— 3 B (Sambrook, J et al., Mole

cular Cloning 2nd ed., 9.47-9.58, Cold Spring Harbor Lab. press, 1989) %

HREAMTHY . N TV I ¥~ a VD&M, YEETHNVSEETR

RIBIEBTED, N TYFA L= 2 L DREMEL LT, BlXE EX N

VoP= MaRBERETOND, BEA RN VP MRS MLIE. N TUE




10

15

20

25

WO 2004/087763 - . : _ PCT/JP2004/004696

_13_

AB— 3 VEOBEEITIN T, FIZIF42°C, 0.1XSSC, 0.1%SDSOEHETH Y

FELL &1_50°C\ 0.1XSSC . 0.1%SDSHEHETH D, LVIFELWAL TV HA
Y2 a v OREELTE, BRI VP r MeRERETLNS, BAMY

v U=y M&HE L, FIRITESTC, 5XSSCRUC. 1%SDSOEHETHS, i b

DRHFICBNT, REE LT DRICHVEREZET S0NMSHROIELNSD =
EBBETED, BL, N TV FAE—Ta v DA MY o Da ViR

BERE LTHRECHRE 2 VEROERAEZbh., HFETHIEIND

ERFPEEBIRTDHZ L TRROA MY V=2 —%RBETHZENFERETH

3,

A ZEBA DDNALL, K%ﬁ%@#ﬁﬁi@jﬁ vivoRein vitroll BT 2 EEIFAENS
fin, BlxiE, BEFEERE~OHALEAbND, FEAONAZ, FEADH
FEa—FLID2bDTHITVIRZEETH IV, Blh, mRNA»LERIH

© JzcDNATH B D, ¥/ LDDNATH B0, {LEESRINATH B0 E &bV, F

2. ARBEOFEEI—FLY 3RY, BEFSOMECE S EEOHELERS
AT BNARE EN B, |

A3 DRI T AMOFEIC L ) ST B D LaiTE B, BEMITIE,
BEY LT BIIKODNE BEAY & —~HIAL. OB, HEBEEL X,

IUAVH—, FuE—F—ORIEOb & TRRT S L ) BB F—ITEBA

e, KIT, TORBARY F— LV ETHREHEERL, HELRBIE3 2
LRTED, TOBICE, MEREZEREASS ¥ —ORBEDREEATEZ
ERTED, |

Ry EZ—OFE LT, MI3HRARST & —, pUCH~Z ¥ —, pBR322, pBluescript\
bCR-Seript/s ¥AET BB, Ei, MDY T m—=1 7, §10 HLEBEY
L L»?”:i%é\ a4 57';'0.3{{*1.(:\ Bl 21X, pGEM-T. pDIRECT. pT772 EMZET 6
na,

ARFAOTRE AET S BV TY F—2ERT 558 10E, o,




10

15

20

25

WO 2004/087763 PCT/JP2004/004696

_14-

BV Z—DBERTHS, BE2F—L LTI, FlziE. KBECORESHE

L LB, 75— SRR CRIBEND & 5 2 LRREERoEMC,

fEE % M109, DH5 o, HB101, XL1-Blue’z ¥ DKRIFHE & LIz BAITB W TIL, kB
%T@$I<%ﬁﬁééi5&7u%—5—\Wiﬁ\hd7n%~¢—(%N_
&, Nature (1989) 341, 544-546 ; FASEB J. (1992) 6, 2422—2427) . araB7m
=c———§¥ (Better 5, Science (1988) 240, 1041-1043 ) . if:&;tT77°u:eé#
Haa%ﬁorw5:kﬁ$ﬂkf%éo:@I5E&95—abfﬁ\hﬁN
75— DMUTPGEX-5X-1 (77 L= THM) | [QlAexpress system] (%74
Vi) | pEGFP, E7ciIpET(Z OFA. BEIITT RARY A5 —FE2RHELTW
BRL2AMEE LV) R EBET BB, -

Bl X7 F—IE, RYRTF FRROLDOL S FARFINEEATOT
b LV, RYRTPF FBUOTEDOL I FAEFIE LTI, ABED-Y 75X
AIZEASEBHA, pelB*‘/ﬁ‘"ﬁ‘/l/EE?U.(Lei, S. P. et al J. Bacteriol. (198

7) 169, 4379 ) BEATIUZEV, BEMIE~D~7 & —OBAL. B2 ISl

WW&&A&\iV?FnﬁV~VaV&%ﬁWTﬁ5:&ﬁT%60
KIBELMC b, BT, KBBORYATF FEMET 5Dy 5
LTIk, WABWERORENS #— (BlxiX, pcDNA3 (1 > & ka4 o atf)

%0, PEGF-BOS (Nucleic Acids. Res.1990, 18(17),p5322). pEF. pCDM8) . E.i

BB R DR~ S #— (Bl 2L Bac~to-BAC baculovairus expression syste

m (¥ BRLAEY) | pBacPAKS) . MEMHISEOREAY &#— (FIIEpMHL, pMH
2) B U A NVABROERN7 £ — (FlxiE, pHSV, pMV, pAdexLew) . L k
RUANABEROEEAS & — (BRI, pZlPco) | BRERORE~Y & —
(B1 %4, TPichia Expression Kit] (£ Y€ ka4 L tfll) | pNVIl, SP—Qo
1) | MEEBRORHE~NY ¥ — (FIZiE, pPLE0S, pkTH50) AT ohb,
CHOMEAR, COSHEAG. NIHST3HiAa%E OBHMIIE COREE BM L LIcBEITi,
MANTRBE SR DI ER T uE—F —, flxiFsv407 e E—F — (Mulli




10

15

20

25

WO 2004/087763 : : PCT/JP2004/004696

15 -
gan®, Nature (1979) 277, 108) . MMLV-LIRZwE—%—, EFla /o E—4& —
‘(Mizushima®, Nucleic Acids Res. (1990) 18, 5322) | AW mE—&—72 &
B TB T L ARARTHY . MI~OWEERE BT 51 b OBET
B 2IE, FA (RA=A v, 641872 L) ITE D HFITE 3 & 5 e ERIHER

BF) 2ETHEESDRAELY, OL) REEEET D7 #—& LTI,

Bz 4X. pMAM, pDR2, pBK—RSV\ pBK-CMV.. pOPRSV, pOP137z K 3ZEiF 61D,

Ebiz, BEFERENCRRIE, 1o, MIENTOREFO 2 —K 0
8% B8 & T 2T, HERA R % K1 L 7-CHOMIARIZ & i % F8# 3 S DHFR
METEETH2 #— (BIZIE. pCHOIZ ) ZBAL, 2 hhLFE—F 0T
X) Iz kD HIBS S FENET bR, Eio. BETFO—BRORREANLTS
BOITH. SVA0 THEE BT B-ET & R EICHSC0SHI % L\ TSV400
MR R B F— (oD &) TR 5 FERET b5, HR
ﬁtLTm\iﬁ;ﬁU¢—v¢4wx‘7?/74wx\7yNEu~v¢4
VA (BPV) EDMEDOLDEAVBI L bTES, &bz, BIMIRETRET
a P —HIEED D, BRI Z— 3B R~—I—L LT, 7/ 7V avFh
FUAT=T—E (M) BEF. FIVLRF—¥ (K BEF, KBE*XF>
FUTT = /TXT}?/W}7/Z7:7—€(hwm)ﬁﬁ% AN E:3
BOETEER (dhfr) METFEEELI LR TES,

—%., BOAEATEREHONAEZRRIESFEL LTIE, RBHDNAZ
BYRRY Z—ZHBRAR, FlziE, Ve UL VAR, URY —AEE ATFF
=y Z VRY—LE, TF/)UVANAEREIC LD EERNICEAT D HEREN
EBFohs, AVbhda_ya2—L LTk FlXE 77/ 9ANVART Z—

(B x pAdexlon) oL kB AL ARY 5 — (FIAHT02IPreo) 7 ¥AET bR
B, INHITHBENARY, X7 F—~DARFEADDNADTEANZ E D—RHY 28
BRI, BT TIFY Z L WTEETHS (Molecular Cloning ,5.61-5.6
3) o EEN~OEEIX, ex vivoliTH-Tbh, in vivatETH2>TH LU,
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T, BREIL, KRBHORs Z—NEA S FEEMEPRET 5, AR

DRy E—FEASNAEEMEL LTIETHIRIIR <, FlaiL, KBRS

Tx OBWIRRL L ERVD Z L RFETH D, ABHOBEIAIIL, Fl2iE,
ARAOREOWECRROLDOBLERL LTHAT 52 N TED, R
7% FBEOR D OBERR, in vitrol & Win viveDEERS BB, in vitro
DEAF & LTIE, BHMREERT 5 EER RIS T 5B R 10

Tohs, | |

HER AT S HE, PILIE DM, EOME, KEORLEECE
NBILATE S, BEIE LTH, A, BIAIL, CHO (. Bxp. Med

(1995) 108, 945) . COS. 3T3. I=E—<, BHK (baby hamster kidney) . Hel
a. Vero, MAMMEL. BlxiZ7 7 ) hY 2 Hx VBRI (Valle, et al., Nat
ure (1981) 291, 358-340) . B VNAEBAIAL. %I, SO, Sf21. Tn5A3%0 5

T3, CHOMIBE Y LTiE, #iC, DHFRAEHET % /48 L7z CHOMMEC & 5 dhfr-CH

0 (Proc. Natl. Acad. Sci. USA (1980) 77, 4216-4220) <°CHO K-1 (Proc. Natl.

Acad. Sci. USA (1968) 60, 1275) ZAFEICHEFIT 52 L4 TE 5, SHMEMIC

BT, KEREE EH LT 5O I CHOMIE AT E LAy, 1 M~

75 —DBNE, BIAE, U UBRANY Y LB, DEAET ¥R TV, HF A=
92 YRV —ADOTAP (R— U Ve g BB 2N FE. L7 ko
Heb—va ik, YR =y s R EORETI ) 2 L RTETHS,
EYMiaL LT, flxiE, =aF7F - 57/*‘§UA (/V1'cot1'ana.tabacum) Eﬂﬂé
DHBRRY R7F FEERL LTHALATEY, Tha A EETAITI,
WML LTI, BES, PIZIE. ¥ 0B SER (Saccharonyces) T BIRIL,
FyHmIER - ¥V EVT (Saccharomyces cerevisiae) . HKRE. HIZIT,
T AL R (Asbergj]]us) B, BlzlE. TAALELR » =H— (Aspergil
lus niger) BEIBNTNB, | -
FREMBEZERT 254, MEAEEZBVIEAR™H S, WEHBRL LTI
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KEBE (£ coli) . $lxiE, M109, DHS o, HBIOIZEMZIT B, D, HHE
ERMON TS, | .

INbOMIAE BRI L T HDNAC L O IWEER L, HEER SN MI% in vit
roTHETH I LI LV REAB NG, BRI, BMOFERNTI Z LB
TE B, Blaid, BUMBRIOREEL LT, #IiE. DUEM, MEM, RPMI1640, IMDM
LERTE I LR TE B, TOB, FRENE (FCS) SOMBRREMRRTSC
LLTEHL, MOERE L TH L, BEBODHIT, 16~8TH5DNREFE L
VN, HEEERL, GBE. $930~40°C THI15~2008E R, %\Ekmtfiﬁfﬂam‘am\
BR. BREZMA 5, |

—b. in viveTRY NTF FREASEERE LT, Fxi, BMEERT
BEARCHED L EAT SEERAET BB, T bR NIl E
THDNAEREA L, BOUSEHOBNTHRY ~FF FEEEL S, BT 5, &

FRIZBITA [18X] LiX. 2ho0BW, Ehras+ 3,

B ERT 554, WIESY, BRi BV AEARNL S, WIESY &
LTI, ¥¥, 7, eYP, w0 2R, TERANWDZ EHRTES (Vicki Glase
r, SPECTRUM Biotechnology Applications, 1993) , F7=. ﬂ%?Lﬁ?ﬁ]%%Fﬁb\é
BE FIVAV ==y BRI LB TE S, | |

BlxiZ, BELTBDNAE, ¥ 8 H¥A DLk 5 RN R BAICES Sh 3
RYRTF ¥ a— N 3REFLOMEBETFE LTHART 2, KT, Z0
BORET 2 S TN & ¥ XOB~EA L, = OO ¥~BHT 5, I
RRELEYFDPLEENS PSS VAV 2=y I ¥ EUIZOFHRAEET B
b, BMOREEZBLIZENTES, FFvAV oy 7 P ENLEASH
BRYNTF FE SN BERMS S0, BERNVELE FTV AV
=y 7Y RIFERALTH I (Ebert, K.M. et al., Bio/Technology (1994) 12,
699-702) , '

T, BREL TR, FIAREIAaZ2BANBIENTES, VA 252BVDEE
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&, BEIODNAZIBA LI AFam v VAENA TCBREEH I LITLY, =
DHA ZDEE»E BHDRY RFF FEEBHZLRTES (Susumy, M. et al.,
Nature (1985) 315, 592-594) , ‘ |

EbIZ, EMEERTIES, PIARFZRRa2FNEILNTES, F3a%
Awa%a. BRODNAZIEMREBRR~7 & —, BIZEpMON 530ITHA L, T
IE—%TTanRIFVTL VAT 7R (Agrobacterium tumefaciens)
DX NI TV TIEATE, ZORXIFVTEENRa, fixiX, =aF7
F - FH L (Nicotiana tabacum) \EHSE, RFZANIDELYFTEDORY X
TFREHBBHIENTES (Julian K. -C. Ma et al., Eur. J. Immunol. (1994)
24, 131-138) , |

DRI E D BEREABRORAL, BEMENE I (7 E) b
BMEEL, EEMICHB T — ke LTRIT 5 2 L8 TE B, WO,
BRI, BEOMBORBRTERIN TV o, BRBFEZERTHIELL.,
FLBESNDOOTERN, BIXEF. 72 NI T4—HTF b, TANE—,
FRANEIE, AT, LR, W, K8, B, SDS-KRU T 7 YT 3
FANVESKKE), $SEREKKBIE. FF,. BEASZEEER, A28bEn
IRk SR, BRTHZ LB TES,

Jae N FFT 4= LTI, BIRIET T4 =T 4—pue b P57 14—, 4
UMY BT N ST T 4 —, Bk B RS T T 4 —, FAME. W B
v ST 44— BEIZ O NI TT 4 —EBEITLND (Strategies for Prot
ein Purification and Characterization: A Laboratory bourse Manual. Ed Dan
iel R. Marshak et al., Cold Spring Harbor Laboratory Press, 1996) , Z i
bD B IS5 74—, WY B~ N 757 4 —. BIZIEHPLC, FPLCE O
a7 4-2RNWTTIZLNTED, ZERAIL. ThooRBR5E
AV, BEICBRINHRELRET S,

AFERIZEBNT, FFEOTRRESTEN (Antibodies A Laboratory Manual. Ed H
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arlow, David Lane, Cold Spring Harbor Laboratory, 1988) DRIEIIZAMDE
BEEETACLRTES, Hlxid, BLISA (BERMARGRERER) | EIA
(BERSBERERE) | RIA (URBEREE) 55 VIZRteEER VAV 2
LBTE D,

RERIBNT, REHOH ww&%mmhﬂLTTfF /z%%§¢ém |
Zimoik, SENEHI & FRRIC U CDaudi MBI 3Ra ji BRI X L CABFE 2 545 o
EMNCEVHETHZLNRTED,

i, ARAE, FRAOESTAKEEDRS L LTERT S, TH -
L AT E I RIEEA 2 R 5. RRBOENTHED 2 bIE,
D VBRI E i B AR THICHRARE VL EXDNEDT, BRED
B (MBS ORESTHCRICENCTHEEEL oS, EHTFLS
TV WHCD22H & BRI & LTRWSHEITIL. RlethiAERY T/ aR

Vo735 EMBFELY,

S AT AR A A LT o Ua e Mk LCERT A L b T

& B, COLBBEE LT, LEREAL MAHEME, UL RERET

5:kﬁ?%60:@l5&3V91¢—Fﬁ%m&ﬁwﬁ%mi@ﬁ&?éi
EMNTX B (US5057313, US5156840) .
Lﬁ%ﬂm\ﬁﬁﬁﬁtﬁﬁféuﬂm Aﬂ@iﬂ%Mﬁﬁ lD&ﬁkb

EEER L LTRERZIT) Z L LRAETH D, HFlzid, BEITF U TEKE

i L7egERl, B 7EARL TV XUAEL <4 7 nnTesFll LTREOMI,

BHBUVIEARD L IR TS OIEEMIC A LS B L OEEMEER, XIS
I D EMAI O CHE R RIEATE 5, PR, EEE LHESNAHEED
U< i3k, BORMIC, WEACEEAG AR, MM, HLAK. HBA. RE
LA, RIER BUAL WAL <o, AL BARRY LEEALE
bUT, —RICHED LI MRERICERS W5 B ARFECTRRT S 2 LIz
Yo THENLT B2 LA EX b, THLBEICET 2EDRABIIERSN
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EEOELREEREOND L ST B bOTH A,

SRl AT ENAICIRRT B Z LM TE BEMAIL LTI, FIRITES Fo,
TV RE—F RTHU ML TIET IADL D REAH, Rkt
—AD L) BEHAL 3—rRE—F BIFL TAFUEBO L D R

CATTY VBRI AVTADLS B, vakE AEXEYyr Yok
REBRAL RS-V b, THEBRETF =) -0 LD BERASAV LIS,

ARIBEM R TN THHBAITIE., EROMEBHZ EHICHIED & 5 Rk
?Eﬁi%@ﬁ?‘é TEBTED, ENOTDOEEBRYIIENFEREXRDOL S 72

NI A ERCTEREORBIERIC > TRETS 2 ERNTE S,

ERAOKEIEE UTIE, BIAISEBEAKK, 7 FoELZ0MOBErS
LERIK, lziED-Yreh—, D=/ —Z D-wr=Fr—n_ HEHkLF Ll
U LANRET L., Y RSB, BIZIET v a—, BEHIZIZTE ) —,

RV Ta—L FliETerrerY)a—n, RIFLLSY a—i, dEg

AUHEREEA], FIZIERY Y A~— 180 (TM) . HCO-50& GBI LT b L\,

R E LTI <, KERBHIT b, BEHEBFIL L TRESFHL Y
N, RUDAVTLa—LVEHRRBLTS IV, £7-, BER. fIxiTY el
. WS ) U LMEER. ERAE. Sl ERSohA v, REAL Flx
BRUVAT NI, T ) =, BABEREEA LT kL, WS

ESHRIEY ., YT IMCTEEE B,

BE~OREE, P, BIRNES, BIRNER, KTERZS0ES, B
BEPIRY, ESVERAD, PR, BRAHD. eI OAIC R AR I &
DITVD B, RERIT, BEOKERER, REFERLICLVEHTIH, 4
$BECHIUSEY AR SR L EERNT 5 - L AT TH B, Ei-. BLABID
NA@:‘J:'U T—=FRENIBLDOTHNIE., BRINAEBGFEERRY & — TR K,
METHERTS L bELbNE, BEE BEFET. BEOKESER.

TR LI L VEBT 28, UEETHNTHIEBRT 5 = L NTEETH 5,
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ARFAOEXORERT, ZOIERERITBENR, ISR, Ek. B5%

BILEoTHERZH, FILITERFON TILEERA (FE60kg: LT) Itk

Tk, TEH72 9 #90. 14251000mg, # % U< 1ML 02> 550mg, LV HFE L 1T

ML 0Ab2mgTHB L EZLNS,

10

156

20

25

HFEOMICRET 2HBIT, 0 1 ERERITHEMNR, HRME, ER, #

CBFREICE o THLER B, Pl IZEHFI O TILBERA (FE60kg& LT)

CRVTIE, BH. 103 9%90. 015 530mg, 7% L < 13490, 122520mg, & Y 4F
LRI 105 1meBELBIRERIC L VBRETSOBTHETHE LELD
No, WOBYOHES, FE6OkgS 72 0 BB LR, 5V IARERHE
D IRE Lk REBRET B L AT B,

X o B 72 B R

@lﬁ\M%ﬁmwwﬁEMﬂBIUTi/@ﬁﬂ%%?@f%éo

B2 1%, RFB4diabody DIEHEFIR L U7 I ) SRR ThH B,

B 313, diabodyDEEEFRTEETH S, L 7=%diabody% SDS-PAGEL . C
BBRE, E7id, HiFlagfif TV REZ LT oy M afFolk, TORKE. Wih
?Ddiabody b FEE2 TIF RV PIEIFHR EN TS = L BSHEER S s,

R 413, 4 diabody(RajiMil~ DRt AEOHERE RTETHS, HM Lisdi
abody®, Rajiffl~DRERBEIOVTHEN 1T o, ZDRER. WP hDdiabod
ybRajifllA~EE T2 2 L R E Nz, HATEMIZLL2diabody & ¥ & RFB4diab
odyDFBMA 0Tz, 7278 LLL2FAMITHIEI ~Dinternal izefEMEAEL 2 & 438
FINTVBH, £< DOLL2diabodyl3MAICRES %, MEPICERY AT TL
5T BTHEMATEEN B,

B5 b, Adisbodylc X 3HIBEEEORIT &7 HThB, (DRERECS

BT AL am BRI TWB2EIHDB Y /< fEMIBEE, Daudi. Rajilzxt3 3CD22di

aMMDM@%%%%%@ﬁLto%m&%wmmmw%%%g(m¢u$¢)?
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X1

10 20 30 40 50 60 10 80- -~ 90 100
cctgaattccaccatggaaaggcactggatctttctcttcctgttttcagtaactgcaggtgtccactcccaggtccagctgcaggagtcaggggctgaa
MERHWILFLFLFSVYTAGVHSOVOLOQESTE A E

110 120 130 140 150 160 170 180 190 200
ctgtcaaaacctggggcctcagtgaagatgtcctgcaaggcttctggctacacctttactagctactggctgcactggataaaacagaggcctggacagg
LSKPGASVKMNSCKASGYTFTSYWLHWIKOR P GO G

210 220 230 240 250 260 210 280 290 300
gtctggaatggattggatacattaatcctaggaatgattatactgagtacaatcagaacttcaaggacaaggccacattgactgcagacaaatcctccag
LEWIGY I NPRNDYTEYNOQOQNFKDKATLTATDEK $ §S

310 ' 320 330 340 350 360 3710 - 380 390 400
cacagcctacatgcaactgagcagcctgacatctgaggactctgcagtctattactgtgcaagaagggatattactacgttctactggggccaaggcacc
TAYMNOLSSLTSEDSAVYYCARRDITTFYWES 0 GT

410 420 430 440 450 460 470 480 490 500
actctcacagtctcctcgggtggaggcggtagcgacattcagctgacccagtctccatcatctctggctgtgtctgcaggagaaaacgtcactatgagct
TLTVSSGEGEGG6SDIQLTOSEP S. SLAVSAGENVTHNSC

510 520 530 540 550 560 570 580 590 600
gtaagtccagtcaaagtgttttatacagtgcaaatcacaagaactacttggcctggtaccagcagaaaccagggcagtctcctaaactgctgatctactg
KSSQSVLYSANHKNYLAWYOQOQKPGOSTPKIL L1 YW

610 620 630 640 650 660 670 680 - 690 700
ggcatccactagggaatctggtgtccctgatcgcttcacaggcagcggatctgggacagattttactcttaccatcagcagagtacaagttgaagacctg
ASTRESGVPDRFTGSGESGEGTDFTLT I S RYQ@VEDL

710 120 70 - 40 750 760 770 780 790 800
gcaatttattattgtcaccaatacctctcctcgtggacgttcggtggagggaccaagctggagatcaaagactacaaggatgacgacgataagtgataag
Al YYCHOQOYLSSWTFGGGTKLETITIKDYKDDTDD K * *

810
cggecgoaat
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X2

10 20 30 40 50 60 70 80 90 100
cctgaattccacqatgaactttgggctcagattgattttccttgtccttactttaaaaggtgtgaagtgtgaagtgcagctggtggagtctgggggaggc
' M NFGLRLIFLVLTLEKGVEKGCEVQLVESGE GG

'110 120 130 140 150 160 170 180 190 200
‘ ttagtgaagcctggagggtccctgaaactctcctgtgcagcctctggattcgctttcagtatctatgacatgtcttgggttbgccagactccggagaaga
LVKPGGSLKLSCAASGFAFSIYDNMNSTHY _R Q TPEKR R

210 220 230 . 240 250 260 270 280 290 300
ggctggagtgggtcgcatacattagtagtggtggtggtaccacctactatccagacactgtgaagggccgattcaccatctccagagacaatgccaagaa
LEWVAY I SSGE66TTYYPDTVEKGRFTI!I SRD N A KN

310 320 330 340 350 360 370 380 390 400
cacdctgtacctgcaaatgagcagtctgaagtctgaggacacagccatgtattactgtgcaagacatagtggctécggtagtagctacggggttttgttt
TLYLOMS SLKSEDTAMYYCARHSGYG GS SYGVLF

410 420 _ 430 . 440 450 460 470 480 490 ' 500
gcttactggggccaagggactctggtcactgtctctgcaggtggaggcggtagcgatatccagatgacccagactacatcctccctgtctgcctctctgg
AYWGOG6TLVTVSAGGGGSDIOQMNTOQTTSS LS A SLG

510 . 520 530 540 550 560 570 - 580 590 600
gagacagagtcaccattagttgcagggcaagtcaggacattagcaattatttaaactggtatcagcagaaaccagatggaactgttaaactcctgatcta
DRVT I SCRASODI!ISNYLNWYQOQOKPDGT V KL LY

610 620 630 640 - 650 660 670 680 690 700
ctacacatcaatattacactcaggagtcccatcaaagttcagtggcagtgggtctggaacagattattctctcaccattagcaacctggagcaagaagat
Y TS I LH S_ G VPSKFSGESGSGGTDYSLT I SNLEG GETD

M0 720 730 740 750 760 70 . 780 790 800
tttgccacttacttttgccaacagggtaatacgcttccgtggacgttcggtggaggcaccaagctggaaatcaaagactacaaggatgacgacgataagt
FATYFCQOGNTLPWTFGGGTKLETK DYKDOD D0 K *

810 820
gataagcggccgcaat
*
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SEQUENCE LISTING
<110> CHUGAI SEIYAKU KABUSHIKI KAISHA
<120 Genetica}ly engineered—antibodies against CD22 and use thereof
<130> C1-A0305P

<150> JP 2003-96950
<151> 2003-03-31

<160> 36
170> PatentIn version 3.1

210> 1
<211> 260
<212> PRT

<213> Artificial

<220>

<223> an artificially synthesized peptide sequence

<400> 1
Met Glu Arg His Trp Ile Phe Leu Phe Leu Phe Ser Val Thr Ala Gly

1 o 10 : 15




WO 2004/087763

'Val His Ser

- Pro Gly Ala

35
Thr Ser Tyr

50

Glu Trp Ile
65

Gln Asn Phe

Thr Ala Tyr

Tyr Tyr Cys

115

Thr Thr Leu

130

Thr Gln

Gln
20

Ser

Trp

Gly

Lys

Met

100

Ala

Thr

Ser Pro

2/37

Val Gln Leu Gln Glu Ser

Val Lys Met
Leu His Trp
55

Tyr Ile Asn
70

Asp Lys Ala
85

Gln Leu Ser

Arg Afg Asp

Val Ser Ser
135

Ser Ser Leu

Ser

40

Ile

25

Cys Lys

Lys Gln

Gly Ala

Ala Ser

Arg Pro

60

Gly Tyr

PCT/JP2004/004696

Leu Ser Lys

30

Thr Phe

Gln Gly Leu

Pro Arg Asn Asp Tyr Thr Glu Tyr Asn

Thr

Ser

Ile

120

Gly

Ala

Leu Thr
90

Leu Thr
105
Thr Thr

Gly Gly

Val Ser

75

Ala Asp

Ser_Glu

Phe Tyr

Gly Ser

140

Ala Gly

80

Ser Ser Ser

95

Ser Ala Val

110

Gly Gln Gly

Ile Gln Leu

Asn Val Thr




‘WO 2004/087763 ‘ PCT/JP2004/004696

3/37

145 150 1565 ~ 160

Met Ser Cys Lys Ser Ser Gln Ser Val Leu Tyr Ser Ala Asn His Lyé

165 170 ‘ 175

Asn Tyr Leu Ala Trp Tyr Gln Gln Lys Pro Gly Gln Ser Pro Lys Leu

180 185 190

Leu Ile Tyr Trp Ala Ser Thr Arg Glu Ser Gly Val Pro Asp Arg Phe
195 200 _ 205

Thr Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Arg Val

210 215 o 220

Gln Val Glu Asp Leu Ala Ile Tyr Tyr Cys His Gln Tyr Leu Ser Sgr

225 . 230 - 235 240

Trp Thr Phe Gly Gly Gly Thr Lys Leu Glu Ile Lys Asp Tyr Lys Asp

245 250 255
Asp Asp Asp Lys

260

210> 2

211> 810




<220>
221>
<222>

<223>

<400>

WO 2004/087763
4,/37
<212> DNA
<213> Artificial
<220>
<223> an artificially synthesized DNA sequence

CDS
(14).. (799)

2

cctgaattcc acc atg gaa agg cac tgg atc ttt ctc ttc ctg ttt teca

Met Glu Arg His Trp Ile Phe LeuAPhe Leu Phe Ser
1 5 10

gta act gca ggt gtc cac tcc cag gtc cag ctg cag gag tca ggg get

Val Thr Ala Gly Val His Ser Gln Val Gln Leu Gln Glu Ser Gly Ala

15 20 25

gaa ctg tca aaa cct ggg gee tca gtg aag atg tecc tge aag get tét

Glu Leﬁ Ser Lys Pro Gly Ala Ser Val Lys Met Ser Cys Lys Ala_Ser
30

gge tac acc ttt act age tac tgg ctg cac tgg ata aaa cag agg cct

Gly Tyr Thr Phe Thr Ser Tyr Trp Leu His Trp Ile Lys Gln Arg Pro

35 40

PCT/JP2004/004696

49

97

145

193
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45

gga

Gly

act

. Thr

aaa

Lys

gac

Asp

teg
Trp
125

gac

Asp

‘cag

Gln

gag
Glu

tce

Ser

tct
Ser

110

ggc

Gly

att

Ile

get

Gly

tac

Tyr

tce
Ser

95

gea

Ala

caa

Gln

cag

Gln

ctg

Leu

aat
Asn

80

agce

Ser

gtc

Val

ggc

Gly

ctg

Leu

gaa
Glu
65

cag

Gln

aca

Thr

tat

Tyr

acc

Thr

acc
Thr
145

50

tgg

Trp

aac

Asn

gee

Ala

tac

Tyr

act
Thr

130

cag

att

Ile

tte

Phe

tac

Tyr

tgt
Cys

115

ctc

Leu

tct

gga

Gly

aag

Lys

atg
Met

100

gca

Ala

aca

Thr

cca

Gln Ser Pro

5/37

tac att
Tyr Ile
70

gac aag
Asp Lys

85

caa ctg

Gln Leu

aga agg

Arg Arg

gtc tcc

Val Ser

tca tct
Ser Ser

150

55

aat

Asn

gee

Ala

agc

Ser

gat

Asp

tcg
Ser

135

ctg

Leu

cct

Pro

aca

Thr

agc

Ser

att
Ile
120

ggt

Gly

get

Ala

agg

Arg

ttg

Leu

ctg
Leu

105

act

Thr

gga

Gly

gtg

Val

aat

Asn

act
Thr
90

aca

Thr

acg

Thr

ggc

Gly

tet

Ser

PCT/JP2004/004696

60
gat tat 241
Asp Tyr
75
gca gac 289
Ala Asp
tct gag 337
Ser Glu
ttc tac 385
Phe Tyr
ggt agc 433
Gly Ser

140
gca gga 481
Ala Gly
155
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gaa

Glu

gca

Ala

tct

Ser

cct
Pro

205

atc

Ile

tac

Tyr

gac

Asp

aac

Asn

aat

Asn

cct
Pro

190

gat

Asp

age

-Ser

cte

Leu

tac

Tyr

gtc

Val

cac

His

175

aaa

Lys

cgce

Arg

aga

Arg

tce

Ser

aag

Lys

act
Thr

160

aag

Lys

ctg

Leu

tte

Phe

gta
Val

tcg
Ser

240

gat

Asp

atg

Met

aac-

Asn

ctg

Leu

aca

Thr

age

Ser

tac

Tyr

atc

Ile

g8c

Gly

210

caa
Gln

225

tgg

Trp

gac

Asp

gtt

Val

acg

Thr

gac

Asp

tgt

Cys

ttg

Leu

tac
Tyr
195

age

Ser

gaa

Glu

ttc

Phe

gat

Asp

aag

Lys

gce
Ala
180

tgg

Trp

gga

Gly

gac

Asp

get

Gly

6.,/37

tece

Ser

165

teg

Trp

gca

Ala

tct

Ser

ctg

Leu

gga

Gly

245

aag

Lys

tga

agt

Ser

tac

Tyr

tce

Ser

888

Gly

gca
Ala
230

ggg

Gly

taa

caa

Gin

cag

Gln

act

Thr

aca
Thr
215

att

Ile

acc

Thr

geggecgeaa t

agt

Ser

cag

Gln

agg
Arg
200

gat

Asp

tat

Tyr

aag

Lys

gtt

Val

aaa
Lys

185

gaa

Glu

ttt

Phe

tat

Tyr

ctg

Leu

tta

Leu

170

CCa

Pro

“tet

Ser

act

Thr

tgt

Cys

gag

Glu

250

PCT/JP2004/004696
tac agt 529
Tyr Ser
ggg cag 577
Gly Gln
-ggt gte 625
Gly Val
ctt acc 673
Leu Thr
220
cac caa 721
His Gln
235
atc aéa 769
Ile Lys
810
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25b 260

<210> 3
<211> 262
<212> PRT

<213> Artificial

<220>

<223> an artificially synthesized peptide sequence

<400> 3
Met Asn Phe Gly Leu Arg Leu Ile Phe Leu Val Leu Thr Leu Lys.Gly

1 5 : 10 15

Val Lys Cys Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Lys
20 ' 25 30

Pro Gly Gly Ser Leu Lys Leu Ser Cys Ala Ala Ser Gly Phe Ala Phe

35 : 40 45

Ser Ile Tyr Asp Met Ser Trp Val Arg Gln Thr Pro Glu Lys Arg Leu
50 55 ’ 60

Glu Trp Val Ala Tyr Ile Ser Ser Gly Gly Gly Thr Thr Tyr Tyr Pro

65 70 75 80
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Asp

Thr

Tyr

Phe

Gly

145

Ser

Ser

Leu

Phe

Thr Val

Leu Tyr

Tyr Cys

115

Ala Tyr
130

Gly Ser
Leu Gly
Asn Tyr
Leu Ile

195

Ser Gly

Lys

Leu

100

Ala

Trp

Asp

Asp

Leu

180

Tyr

Ser

Gly

85

Gln

Arg

Gly

Ile

Arg

165

Asn

Tyr

Gly

Arg

Met

His

Gln

Gln

150

Val

Trp

Thr

Ser

Phe

Ser

Ser

Gly

135

Met

Thr

Tyr

Ser

8/37

Thr Ile Ser
90

Ser Leu Lys

105

Gly Tyr Gly

120

Thr Leu Val
Thr Gln Thr
Ile Ser Cys

170

Gln Gln Lys

185

Ile Leu His

200

Gly Thr Asp Tyr

Arg

Ser

Ser

Thr

Thr

165

Arg

Pro

Ser

Ser

Asp Asn

Glu Asp

Ser Tyr

125

Val Ser

140

Ser Ser

Ala Ser

Asp Gly

Gly Val

205

Leu Thr

Ala

Thr

110

Gly

Ala

Leu

Gln

Thr

190

Pro

Ile

PCT/JP2004/004696

Lys Asn

95

Ala Met

Val Leu

Gly Gly

Ser Ala

160
Asp Ile
175
Val Lys

Ser Lys

Ser Asn




‘WO 2004/087763 A PCT/JP2004/004696

- 210

9/37

215 - 220

Leu Glu Gln Glu Asp Phe Ala Thr Tyr Phe Cys Gln Gln Gly Asn Thr

225

230 235 ’ 240

Leu Pro Trp Thr Phe Gly Gly Gly Thr Lys Leu Glu Ile Lys Asp Tyr

245 250 255

Lys Asp Asp Asb Asp Lys

<210
211>
<212>

<213>

<220>
<223>

<220>
<221>
<222>

<223>

<400>

260

.
816
DNA

Artificial

an artificially synthesized DNA sequence

DS

(14). . (805)




WO 2004/087763

10/37

PCT/JP2004/004696

cctgaattec acc atg aac ttt ggg cic aga ftg att ttc ctt gtc ctt

act

Thr

‘ggc

Gly

tta

Leu

tta

Leu

30

gga
Gly
45

gag

Glu

acc

Thr

aat

Asn

ttc

Phe

aag

Lys

tac

Tyr

gcce

Ala

aaa

Lys

15

gtg

Yal

get

Ala

agg

Arg

tat

Tyr

aag

Lys

Met Asn Phe Gly Leu Arg .Leu Ile Phe Leu Val Leu

ggt
Gly

aag

Lys

tte

Phe

ctg

Leu

cca
Pro

80

aac

Asn

gtg

Val

cct

Pro

agt

Ser

gag
Glu
65

gac

Asp

acc

Thr

aag

Lys

gga

Gly

35 .

atc
Ile
50

tgg

Trp

act

Thr

ctg

Leu

tgt

Cys

gaa

Glu

20

geg
Gly

tat

Tyr

gtc

Val

gtg

Val

tac

Tyr

tce

Ser

gac

Asp

gca

Ala

aag

Lys

ctg

Leu

gtg
Val

dtg

Leu

atg

Met

tac

Tyr

gec

Gly

85

caa

Gln

cag

Gln

aaa

Lys

tect

Ser

att
Ile

70
cga

Arg

atg

Met

dtg

Leu

cte

Leu

‘tgg

Trp
55

agt

Ser

tic

Phe

agc

Ser

gtg
Val

tce
Ser

40

gtt

Val

agt

Ser

acc

Thr

agt

Ser

gag
Glu
25

tgt

Cys

cgc

Arg

get
Gly

atc

Ile

ctg

Leu

10

tct

Ser

gca

Ala

cag

Gln

gt
Gly

888

Gly

gcce

Ala

‘act

Thr

ggt
Gly

75

tee
Ser

90

aag

Lys

aga

Arg

tect

Ser

gga

Gly

tct

Ser

ceg

Pro

60

acc

Thr

gac

Asp

gag

Glu

- 49

97

145

193

241

289

337




WO 2004/087763

gac

" Asp

aca

‘Thr

110

‘tac
Tyr

125
tct

Ser

tce

Ser

agt

Ser

gga

Gly

£eg

Gly

gea

Ala

ctg

Leu

cag

Gln

act
Thr

190

95

gcce

Ala

gtt

Val

ggt
Gly

tet

Ser

gac
Asp

175

gtt

Val

atg

Met

ttg

Leu

gga

Gly

gee

Ala

160

att

Ile

aaa

Lys

tat

Tyr

ttt

Phe

ggce
Gly

145

tct

Ser

agc

Ser

cte

Leu

tac

Tyr

get
Ala
130

get

Gly

ctg

Leu

aat

Asn

ctg

Leu

- 100

tgt
Cys

115

tac

Tyr

age

Ser

gga

Gly

tat

Tyr

atc
Ile

195

gca

Ala

tgg

Trp

gat

Asp

gac

Asp

tta
Leu

180

tac

Tyr

11./37

aga cat

Arg His

gge caa

Gly Gln

atc cag

Ile Gln

150 -

aga gtc
Arg Val

165

aac tgg

Asn Trp

tac aca

Tyr Thr

agt

Ser

232424
Gly

135

atg

Met

acc

Thr

tat

Tyr

tca

Ser

ggc
Gly

120

act

Thr

acc

Thr

att

Ile

cag

Gln

ata
Ile
200

105

tac

Tyr

étg

Leu

cag

Gln

agt

Ser

cag
Gln

185

tta

Leu

ggt
Gly

gtc
Val

act

Thr

tge
Cys
170

aaa

Lys

cac

His

PCT/IP2004/004696
agt age 385
Ser Ser
act gtc 433
Thr Val

140
aca tcc 481
Thr Ser
155
agg gca 529
Arg Ala
cca gat 577
Pro Asp
tca gga 625
Ser Gly




WO 2004/087763

gte
Val

205

acc

Thr

cag

Gln

atc

Ile

cca

Pro

att

Ile

ggt

Gly

aaa

Lys

<210>

211>

<212>

213>

<220>

<223>

tca

Ser

agce

Ser

aat

Asn

gac
Asp
255

116

PRT

aac

Asn

acg

Thr

ttc agt ggc agt
Phe Ser Gly Ser
210

ctg gag'caa gaa

Leu Glu Gln Glu

225

ctt ccg tgg acg

Leu Pro Trp Thr

240

tac

Tyr

aag gat gac gac
Lys Asp Asp Asp

260

Artificial

12/37

£88

Gly

gat

Asp

tte
Phe
245

gat

Asp

tet

Ser

ttt
Phe

230

ggt
Gly

aag

Lys

gga
Gly
215

gee

Ala

gga

Gly

tga

PCT/JP2004/004696

aca gat tat tct

Thr Asp Tyr Ser

act tac ttt tgb
Thr Tyr Phe Cys

235

gge acc aag ctg
Gly Thr Lys Leu
250

taa gcggcegeaa t

an artificially synthesized peptide sequence

cte

Leu

220

caa

Gln

gaa

Glu

673

721

769

816




WO 2004/087763

<400> 5
Gln Val Gln Leu
1

Ser Val Lys Met

20

Trp Leu His Trp

35

Gly Tyr Ile Asn
50

‘Lys Asp Lys Ala

65

Met Gln Leu Ser

Ala Arg Arg Asp
100

Thr Val Ser Ser

115

Gln Glu Ser Gly Ala Glu

5

Ser

Ile

Pro

Thr

13/37

10

Cys Lys Ala Ser Gly

25

Lys Gln Arg Pro Gly

40

Arg Asn Asp Tyr Thr

55

Leu Thr Ala Asp Lys

70

Ser Leu Thr Ser Glu Asp

85

Ile

90

'Thr Thr Phe Tyr Trp
105

Leu Ser Lys Pro
Tyr Thr Phe Thr
| 30

Gln Gly Leu Glu

45

Glu Tyr Asn Gln

60

Ser Ser Ser Thr

75

Ser Ala Val Tyr

Gly Gln Gly Thr
110

PCT/IP2004/004696

Gly Ala
15

Ser TYr

Trp Ile

Asn Phe

Ala Tyr

80

Tyr Cys

95

Thr Leu




WO 2004/087763 PCT/JP2004/004696

<210>
211>
212>
<213>

<220>

<223>

<220>

221>
222>
<223>

<400>

14/37
6
348
DNA

Artificial

an artificially synthesized.DNA sequence

CDS
(1).. (348)

6

cag gtc cag ctg cag gag tca ggg gct gaa ctg tca éaa cct ggg gee 48

Gln. Val Gln Leu Gln Glu Ser Gly Ala Glu Leu Ser Lys Pro Gly Ala

1

5 10 156

tca gtg aag atg tcc tgc aag get tct gge tac ace ttt act age tac 96

Ser Val Lys Met Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Ser Tyr

20 25 . 30

tgg ctg cac tgg ata aaa cag agg cct gga cag ggt ctg gaa tgg att 144

Trp Leu His Trp Ile Lys Gln Arg Pro Gly Gln Gly Leu Glu Trp Ile

35 40 45 -




WO 2004/087763

gea

Gly

aag
Lys

65

atg

Met

gca

Ala

aca

Thr

tac
Tyr

50

gac

Asp

caa

Gln

aga

Arg

gtc

Val

<210>

211>

212>

<213>

att

Ile

aag

Lys

ctg

Leu

agg

Arg

tce
Ser

115

7
112

PRT

aat

Asn

gee

Ala

dagc

Ser

gat
Asp
100

tcg

Ser

cct

Pro

aca

Thr

agc
Ser

85

att

Ile

Artificial

agg

Arg

ttg
Leu

70

ctg

Leu

act

Thr

aat

Asn

55

apt

Thr

aca

Thr

acg

Thr

gat

Asp

gca

Ala

tet

Ser

ttc

Phe

15/37

tat

Tyr

gac

Asp

gag

Glu

tac

Tyr

105

act

Thr

aaa

Lys

gac

Asp.

90

tgg

Trp

gag
Glu

tee
Ser

75

tct

Ser

8gC .

Gly

tac
Tyr .

60

tce

Ser

gea

Ala

caa

Gln

aat

Asn

age

Ser

gtc
Val

g8C

Gly

cag

Gln

aca

Thr

tat:

Tyr

acc
Thr

110

PCT/JP2004/004696
aac ttc 192
Asn Phe
gcé tac 240
Ala Tyr
80
tac tgt 288
Tyr Cys
95
act ctc 336
Thr Leu
348




WO 2004/087763

<2207

<2235

- <400> 7

Asp Ile Gln Leu

1

Glu Asn Val Thr

20

Ala Asn His Lys

35 .

Ser Pro Lys Leu

50

Pro Asp Arg Phe

65

Ile Ser Arg Val

Tyr Leu Ser Ser

100

Thr

Met

Asn

Leu

Thr

Gln

85

Trp

Gln

Ser

Tyr

Ile

Gly

70

Val

Thr

16/37

Ser Pro Ser Ser

10
Cys Lys Ser Ser
25
Leu Ala Trp Tyr
40
Tyr Trp Ala Ser
55

Ser Gly Ser Gly

Glu Asp Leu Ala

90
Phe Gly Gly Gly
105

Leu

Gln

Gln

Thr

Thr

75

Ile

Thr

an artificially synthesized peptide sequence

Ala Val

Ser Val

Gln Lys

45

Arg Glu

60

Asp Phe

Tyr Tyr

Lys Leu

Ser

Leu

30

Pro

Ser

Thr

Cys

Glu

110

PCT/JP2004/004696

Ala Gly

15

Tyr Ser

Gly Gln

Gly Val

Leu Thr

80
His Gln
95

Ile Lys




WO 2004/087763

<210>

211>

<212>

<213

<220>

<223>

<220>

221>
<222>

<223>

<400>

8
336
DNA

Artificial

17,37

an artificially synthesized DNA sequence

CDS

(1).. (336)

8

gac att cag ctg acc

Asp Ile Gln Leu Thr

1

5

gaa aac gtc act atg

Glu Asn Val Thr Met

20

gca aat cac aag aac

Ala Asn His Lys Asn

35

cag tct

Gln Ser

age tgt

‘Ser Cys

tac ttg

Tyr Leu

cca

Pro

aag

Lys

gee
Ala

40

tca

Ser

tce
Ser

25

tgg

Trp

tet
Ser

10

agt

Ser

tac

Tyr

ctg gect gtg

Leu Ala Val

caa agt gtt

Gln Ser Val

cag cag aaa
Gln Gln Lys

45

tct

Ser

tta
Leu

30

cca

Pro

PCT/JIP2004/004696
gca gga 48
Ala Gly

15

tac agt 96
Tyr Ser

geg cag 144
Gly Gln




WO 2004/087763

tet

Ser

cct
-Pro

65
étc

Ile

tac

Tyr

cct aaa

Pro Lys

50

gat cgc

Asp Arg

agc aga

Ser Arg

ctec tece

Leu Ser

210> 9

<211> 123

<212> PRT

<213>

220>

<223

ctg

Leu

tte

Phe

gta
Val

tcg

Ser

ctg atc

Leu Tle

aca ggc
Thr Gly

70

caa gtt

Gln Val

85

tgg acg

Trp Thr

100 -

Artificial

tac

Tyr

55 .

age

Ser

gaa

Glu

ttc

Phe

tgg

Trp

gga
Gly

gac

Asp

ggt

Gly

18,37

geca

Ala

tct

Ser

ctg

Leu

gga
Gly
105

tce

Ser.

242424
Gly

gea
Ala
90

g88

Gly

act

Thr

aba
Thr
75

att

Ile

‘acc

Thr_

agg
Arg

60
gat

Asp

tat

Tyr

aag

Lys

gaa

Glu

ttt

Phe

tat

Tyr

ctg

Leu

> an artificially synthesized peptide sequence

<400> 9

tet

Ser

act

Thr

tgt

Cys

gag
Glu
110

PCT/JP2004/004696
ggt gte ‘192
Gly Val

ctt acc 240
Leu Thr.

80

cac caa 288
His Gln

95

atc aaa 336
I1e Lys




WO 2004/087763

Glu Val Gln Leu
1

" Ser Leu Lys Leu

20

Asp Met Ser Trp
35

Ala Tyr Ile Ser

50

Lys Gly Arg Phe
65

Leu Gln Met Ser

Val

5

Ser

Val

Ser

Thr

Ser

85

Ala Arg His Ser

100

Trp Gly Gln Gly
115

<210> 10

Gly

Thr

1 9/37

Glu Ser Gly

Cys Ala Ala

Arg Gln Thr

40

Gly Gly Gly

55

Ile Ser Arg

70

Leu Lys Ser

Tyr Gly Ser

Leu Val Thr

120

6ly Gly Leu

10

Ser Gly Phe

25

Pro Glu Lys
Thr Thr Tyr
Asp Asn Ala

75

Glu Asp Thr
920

Ser Tyr Gly

105

Val Ser Ala

Val Lys Pro

Ala Phe Ser

30

Arg Leu Glu

45

Tyr Pro Asp

60

Lys Asn Thr

Ala Met Tyr

Val Leu Phe

110

PCT/JP2004/004696

Gly Gly

156

Ile Tyr
Trp Val
Thr Val

Leu Tyr

80

Tyr Cys

95

Ala Tyr




WO 2004/087763

2037
<211> 369

<212> DNA

213> Artificial

<220>

<223> an artificially synthesized DNA sequence

220>

221> CDS

<222> (1).. (369)
223>

<400> 10

gaa gtg cag ctg gtg gag tct ggg gga gec tta gtg aag
Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Lys
1 5 10

tcc ctg aaa ctc tcc tgt geca gee tet gga tte get tte
Ser Leu Lys Leu Ser Cys Ala Ala Ser Gly Phe Ala Phe

20 ' 25
gac atg tct tgg gtt cge cag act ccg gag aag agg ctg
Asp Met Ser Trp Val Arg Gln Thr Pro Glu Lys Arg Leu

35 40 45

gca tac att agt agt ggt ggt ggt acc acc tac tat cca

cct

Pro

agt
Ser

30

gag

Glu

gac

PCT/JP2004/004696
gega ggg 48
Gly Gly

15

atc tat 96
Ile Tyr

tgg gtec 144
Trp Val

act gtg

192




WO 2004/087763

Ala

' ~ aag

Lys
65

ctg

Leu

gca

Ala

tgg

Trp

Tyr Ile

50

‘gge cga

Gly Arg

caa atg

Gln Met

aga cat

Arg His

ggc caa
Gly Gln
115

<210> 11

<211> 107

<212> PRT

<213>  Artificial

<2202

Ser Ser

ttc acc

Phe Thr

agc agt
Ser Ser

85

agt ggc
Ser Gly

100

ggg act

Gly Thr

Gly

atc
Ile

70

ctg

Leu

tac

Tyr

ctg

Leu

Gly

55

tce

Ser

aag

Lys

ggt

Gly

gtc

Val

21/387

Gly Thr Thr

aga gac aat

Arg Asp Asn

tct gag gac
Ser Glu Asp

90

agt agc tac
Ser Ser Tyr

105

act gtc tect
Thr Val Ser
120

Tyr

gee
Ala
75

aca

Thr

ggg

‘Gly

gca

Ala

Tyr Pro Asp

60

aag aac acc

Lys Asn Thr

gce atg tat

Ala Met Tyr

gtt ttg ttt
Val Leu Phe

110

PCT/JP2004/004696
Thr Val
ctg tac 240
Leu Tyr
80

tac tgt 288
Tyr Cys
95
gct tac 336
Ala Tyr

369




WO 2004/087763 ' PCT/JP2004/004696

22,/837

<223> an artificially synthesized peptide sequence

400> 11
~ Asp Ile Gln Met Thr Gln Thr Thr Ser Ser Leu Ser Ala Ser Leu Gly

1 5 _ 10 15

'Asp'Arg Val Thr Ile Ser Cyé Arg Ala Ser Gln Asp Ile Ser Asn Tyr
20 ' | 25 30

Leu Asn Trp Tyr Gln Gln Lys Pro Asp Gly Thr Val Lys Leu Leu Ile

35 40 45

Tyr Tyr Thr Ser Ile Leu His Ser Gly Val Pro Ser Lys Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Asp Tyr Ser Leu Thr Ile Ser Asn Leu Glu Gln
65 0 75 80

Glu Asp Phe Ala Thr Tyr Phe Cys Gln Gln Gly Asn Thr Leu Pro Trp

85 90 95

Thr Phe Gly Gly Gly Thr Lys Leu Glu Ile Lys

100 105

<210> 12




WO 2004/087763

<211> 321
<212> DNA
<213>

<220>
<223>

<2202

221> CﬁS
<222>
<223>

_<400> 12

gat atc cag atg
Asp Ile Gln Met
1

gac aga gtc acc
Asp Arg Val Thr

20
tta aac tgg tat
Leu Asn Trp Tyr

35

tac tac aca tca

Artificial

(1).. (321)

acc

Thr

att

Ile

cag

Gln

ata

cag

Gln

agt

Ser

cag

Gln

tta

act

Thr

tgce

Cys

aaa

Lys

cac

aca

Thr

agg

Arg

cca
Pro

40

tca

tce

Ser

gea
Ala
25

gat

Asp

gga

23,37

tce ctg
Ser Leu

10

agt cag

Ser Gln

gga act

Gly Thr

gtc cca

an artificially synthesized DNA sequence

tect

Ser

gac

Asp

gtt

Val

tca

gce

Ala

att

Ile

aaa

45

aag

tet

Ser

age
Ser

30

cte

Leu

tte

PCT/JP2004/004696
ctg gga 48
Leu Gly

15

aat tat 96
Asn Tyr

ctg atc 144
Leu Ile

agt ggc 192




WO 2004/087763

Tyr Tyr Thr Ser

50

- agt ggg tot gga

Ser Gly Ser Gly

65

gaa gat ttt gcc

Glu Asp Phe Ala

acg ttc ggt gga

Thr Phe Gly Gly

210>
- <2115
<2127
{213>

220>
<223>

<400>

100

13

88

DNA

Artifici

Ile Leu His Ser

55

aca gat tat tct
Thr Asp Tyr Ser

.70
act tac ttt tgc
Thr Tyr Phe Cys

85

gge acc aag ctg

Gly Thr Lys Leu

al

24/37

Gly Val Pro Ser Lys

ctc

Leu

caa

Gln

gaa

Glu

105

acc

‘Thr

cag
Gln

90

atc

Ile

60

att age aac
ile Ser Asn
75

ggt aat acg

Gly Asn Thr

aaa-

Lys

an artificially synthesized DNA sequence

13

PCT/JP2004/004696
Phe Ser Gly
ctg gag caa 240
Leu Glu Gln
80 -
ctt ccg tgg 288
Leu Pro Trp
95
321

cctgaatticc accatggaaa ggcactggat ctitctcttc ctgttttcag taactgcagg 60




WO 2004/087763 . PC T/JP2004/0046§6

25/37

tgtccactce caggtccage tgcaggag : 88

<210>
<211>
<212>
213>

<220
<223>

<400>

14
90
DNA

Artificial

an artifiéially synthesized DNA sequence

14

gatgtcctge aaggcttctg gectacacctt tactagctac tggctgcact ggataaaaca 60

gaggcctgga cagggtctgg aatggattgg ' 90

<210>

211>

<212>

213>

<220>
223>

15

87

DNA

Artificial

an artificially synthesized DNA sequence .




WO 2004/087763 , PCT/JP2004/004696

26/37

<400> 15

cttcaaggac aaggccacat tgactgcaga caaatcctcc agcacagcet acatgcaact 60

gagcagectg acatctgagg actctge: ' _ : 87

2105 16
211> 88
<212> DNA
213> Artificial

220>

223> an artificially synthesized DNA sequence

<400> 16

ggecaccactc tcacagtctc ctcgggtgga ggeggtageg acattcaget gacccagtet 60
ccatcatctc tggctgtgte tgcaggag ' 88
210> 17

<211> 91

<212> DNA

<213> Artificial

<220>




actgctgatc tactgggcatl ccactaggga a

<210>
211>
{212>

<213>

<220>
223>

<400>

18
105
DNA

Artificial

an artificially synthesized DNA sequence

18

ggecageggat ctgggacaga ttttactctt accatcagca gagtacaagt tgaagacctg

gcaatttatt attgtcacca atacctctcc tecgtggacgt teggt

<210>

eI

<212>
213>

19
91
DNA

Artificial

WO 2004/087763 PCT/JP2004/004696
2737
<223> an artificially synthesized DNA sequence
400> 17
’ ‘ cagtgcaaat cacaagaact acttggcctg gtaccagcag aaaccagggc agtctcctaa 60

91

60

‘106




WO 2004/087763 PCT/JP2004/004696 ‘
28,/37

220>

<223> an artificially synthesized DNA sequence

<400>

19

ggtgtagecca gaageccttge aggacatctt cactgaggec ccaggttttg acagttcage

ccctgactce tgcagetgga cctgggagtg g

210>
211>
<212>
'<213>

<220>
<223>

<400>

20
96
DNA

Artificial

an artificially synthesized DNA sequence

20

tgcagtcaat gtggeettgt ccttgaagtt ctgattgtac tcagtataat cattcctagg

attaatgtat ccaatccatt ccagaccectg tccagg

<210>

<21

21
105

60

91

60

96
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29,37

<212> DNA
<213> Artificial

- <220>

223> an artificially synthesized DNA sequence

1<400> 21

acccgaggag actgtgagag tggtgccttg gecccagtag aacgtagtaa tatcccttet 60
tgcacagtaa tagactgcag agtcctcaga tgtcaggetg ctcag ' 105
210> 22
<211> 102

<212> DNA

<213> Artificial

220>

<223> an artificially synthesized DNA sequence

<400> 22

ccaggccaag tagttcttgt gatttgecact gtataaaaca ctttgactgg acttacaget 60

catagtgacg ttttctcctg cagacacagc cagagatgat gg ' 102
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<210>
<211>
<212>

- <213

. <2202

<223>

- <400>

30/37
23
84
DNA

Artificial

an artificially synthesized DNA sequence

23

aagagtaaaa tctgtcccag atccgetgec tgtgaagega tcagggacac cagattecet 60

agtggatgcc cagtagatca gcag : -84

<210>
<21
<212>
<213

<220>

<223>

<400>

24
93
DNA

Artificial

an artificially synthesized DNA sequence

24

attgcggeeg cttatcactt atcgtegteca tceettgtagt ctttgatete cagettggte 60

cctccaccga acgtccacga ggagaggtat tgg 93
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<210>

21
212>

<213>

<220
<223>

<400>

31/37

25
92
DNA

Artificial

an artificially synthesized DNA sequence

25

cctgaattcc accatgaact ttgggectcag attgattttc cttgtectta ctttaaaagg

tgtgaagtgt gaagtgcage tggtggagtc tg

<210>
211>
<212>

<213>

220>

223>

<400>

26
89
DNA

Artificial

an artificially synthesized DNA sequence

26

gtgcagcctc tggattcget ttcagtatct atgacatgtc ttgggttege cagactcegg

PCT/JP2004/004696

60

92

60
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32/37

‘agaagaggct ggagtgggtc geatacatt _ 89

210> 27
<211> 86
'<212> DNA

<213> Artificial

1 <220>

<223> an artificially synthesized DNA sequence

<400> 27

‘gggccgatte accatctcca gagacaatge caagaacace ctgtacctge aaatgagcag 60

tctgaagtct gaggacacag ccatgt . 86

<210> 28
<211> 98
<212> DNA
<213> Artificial

<220> -

<223> an artificially synthesized DNA sequence
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<4005

33/37

28

cggggtttitg tttgettact ggggccaagg gactctggte actgtectetg caggtggagg

cggtagcgat atccagatga cccagactac atcctccce

<210>
211>
212>
<213>

<2207
<223>

<400>

29
114
DNA

Artificial

an artificially synthesized DNA sequence

29

ttgcagggca agtcaggaca ttagcaatta tttaaactgg tatcagcaga aaccagatgg

aactgttaaa ctcctgatct actacacatc'aatattacac tcaggagtcc catce

<210>
<211>
212>
213>

220>

30
87
DNA

‘Artificial

PCT/IP2004/004696
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98

60

114
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34/37

<223> an artificially synthesized DNA sequence

<400> 30

. Ctctcaccat tagcaacctg gagcaagaag attttgecac ttacttttge caacagggta 60

atacgettcec gtggacgttc ggtggag 87

<210> 31

211> 91

<212> DNA

<213> Artificial

<220>

<223> an artificially synthesized DNA sequence

-<400> 31

ctgaaagcga atccagaggc tgcacaggag agtttcaggg acccticcagg cttcactaag 60

ccteecccag actccaccag ctgeacttcea ¢ . 91

210> 32
211> 91
{212> DNA

213> Artificial
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<2205

<2235

<400>

35,/37

an artificially synthesized DNA sequence

32

gtctctggag atggtgaatc ggeccttcac agtgtctgga tagtaggtgg taccaccacc

actactaatg tatgcgacce actccageet ¢

<210>
Q11>
212>
213>

<220>

223>

<400>

33

90

DNA
Artificial

an artificially synthesized DNA sequence

33

ggccccagta agcaaacaaa accccgtage tactaccgta gccactatgt cttgcacagt

aatacétggc tgtgtectea gactteagac

<210>

211>

34

90

PCT/JP2004/004696

60

91

60

90
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3637

212> DNA

<213> Artificial

- <2200

<223> an artificially synthesized DNA sequence

<400> 34

taattgctaa tgtcctgact tgecectgeaa ctaatggtga ctctgtetee cagagaggca 60

gacagggagg atgtagtctg ggtcatctgg C 90

<210> 35
<211> 93
<212> DNA

<213> Artificial

<2205

223> an artificially synthesized DNA sequence

<400> 35

tettgeteca ggttgetaat ggtgagagaa taatctgtte cagacccact gccactgaac 60

tttgatggga ctcctgagtg taatattgat gtg ' 93
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<210>
<1
212>
<213>

<2205

<223>

<400>

37/37

36
85
DNA

Artificial

an artificially synthesized DNA sequence

36

attgcggeceg cftatcactt atcgtcgtca tccttgtagt ctttgattte cagettggtg - 60 .

cctccacega acgtecacgg aageg , 85
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and (4)

(3) a degraded antibody having CDR of SEQ ID NO:5 and the amino acid
sequence represented by SEQ ID NO:7, a degraded antibody
having CDR of SEQ ID NO:9 and the amino acid sequence represented by

SEQ ID NO:11.
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1 Translation of WO 2004/087763

DESCRIPTION

MODIFIED ANTIBODY AGAINST CD22 AND UTILIZATION THEREOF

‘Technical Field

The present invention relates to minibodies of antibodies that recognize CD22.

Background Art _ ,
CD22 is a molecule belonging to the Ig superfamily. CD22 is specifically expressed in

B-cells, and is thus considered to function in suppressing signals from B-cell receptors.
Furthermore, CD22 is known to be expressed in-a variety of B-cell leukemia cells and malignant
lymphoma cells in patients with hematopoietic disease. Since soluble CD22 has not been
detected in serum, CD22-targeted antibody therapy might be possible (Non-Patent Documents 1
to 5).

Regarding the use of antibodies against CD22 in hematopoietic tumors, there are some
reports showing the possibility of clinical use of humanized anti-CD22 antibodies for B-cell.
malignancies (Patent Documents 1 and 2). However, these documents do not disclose a
relationship between anti-CD22 antibodies and apoptosisQinducing activity.

When anti-CD22 antibodies were chemically crosslinked using a crosslinking agent, a '
growth-suppressing effect was observed on the lymphoma cell line Daudi, whereas this effect
was not observed in parent anti-CD22 antibodies alone (Non-Patent Document 6). - In addition,
this report makes no mention of apoptosis induction.

Minibodies are thought to have several advantages in clinical applications as compared
to whole antibodies. Indeed, a method of apoptosis induction in tumor cells using crosslinked
antibody structures, such as IgG or Fab’2 (without Fc fragments), against several kinds of
antigens including CD22 has been disclosed (Patent Document 3). However, in this document,
antibodies against CD22 have not actually been produced, and thus, their apoptosis-inducing
activities have not been examined.

Therefore, there have been no reports of using anti-CD22 minibodies in this way to
induce apoptosis of tumor cells.

The prior art literature relating to the invention of this application is shown below.
[Non-Patent Document 1] Nishii Kazuhiro, CURRENT THERAPY Vol. 20 No. 1 47-50
[Non-Patent Document 2] Tedder ef al., Ann Rev Immunol 15:481-504 (1997)

[Non-Pateﬁt Document 3] Clark EA, J Immunol 150:4715-4718 (1993)
[Non-Patent Document 4]  Sato et al., Immunity 5:551-562 (1996)
[Non-Patent Document 5] Li ez al., Cell Immunol 118:85-99 (1993)



10

15

20

25

30

35

2 . " Translation of WO 2004/087763

[Non-Patent Document 6] Ghetie et al., Proc. Natl. Acad. Sci. USA 94:7509-7514 (1997) 4
[Patent Document 1]  Published Japanese Translation of International Publication No.
2001-518930 '

[Patent Document 2] Published Japanese Translation of International Publication Ne. Hei-
10-505231 '

[Patent Document 3] WO 99/02567

Disclosure of the Invention

E

A first objective of this in\}ention is to provide minibodies converte& from antibodies
that recognize CD22. A further objective of this invention is to provide novel methods for
treating hematopoietic tumors using these minibodies.

In order to generate minibodies against CD22, that is, to ge_nerate “CD22 d_iabodies"’ in
which the variable regions of heavy- and light-chains are linked by a 5-mer amino acid 1inker,
the present inventors first designed the nucleotide sequences of two CD22 diabodies using the
previously reported sequences of two anti-CD22 antibodies, and synthesized them. (A Flag tag
was included in the diabodies to facilitate purification.) Next, they inserted the cDNAs into ‘ |
animal cell expression vectors, respectively. Af_ter that, these vectors were transfected into
DG44 or COS7 cells, and the diabodies produced in the culture supernatant were purified by
anti-Flag M2 agarose affinity-purification. - |

Next, the present inventors examined the activity of two resultant diabodies in

-cell-binding and cell-death (apoptosis) induction in lymphoma cell lines. The results showed

that both of these diabodies bind to cells of the B-lymphoma cell line “Raji”, and that both have
activity to induce apoptosis in Raji cells and Daudi cells, which are also a B-lymphoma cell line.
These results show that minibodies of antibodies that recognize CD22 can be used as
apoptosis-inducing agents against tumor cells such as lymphoma cells.

Specificél]y, the present invention provides folloWing (D to (12):

(1) A minibody that recognizes CD22. '
(2) The minibody of claim 1, wherein the miﬁibody is a diabody.
(3') A minibody of any one of (a) to (F):

(a) a minibody comprising the amino acid sequence of SEQ ID NO: 1 or 3;

(b) a minibody functionally equivalent to the minibody of (a), and comprising the amino
acid sequence of SEQ ID NO: 1 or 3 wherein one or more amino acids are substituted, inserted,
deleted, and/or added; |

(c) a minibody comprising the amino acid sequences of a CDR of SEQ ID NOs: 5 and

(d) a minibody functionally equivalent to the minibody of (c), and comprising the amino
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acid sequence of a CDR of SEQ ID NOs: 5 and 7 wherem one or more amino acids are
substituted, inserted, deleted, and/or added;
(e) a minibody comprlsmg the amino acid sequences of a CDR of SEQ ID NOs 9 and

- (f) a minibody functionally equivalent to the minibody of (c), and comprising the amino

acid sequence of a CDR of SEQ ID NOs: 9 and 11 wherein one or more amino acids are

substituted, inserted, deleted, and/or added.

(4) A method for producing a CD22- recogmzmg antibody with increased act1v1ty by
convertmg a CD22-recognizing antibody to a low- -molecular-weight antibody. -

~(5) The method of claim 4, wherein the conversion is conversion to a diabody.

(6) The method of claim 4 or 5, wherein the activity is an apoptosis-inducing activity.

(7) An apoptosis-inducing agent comprising the minibody of any one of claims 1 to 3
or the minibody produced by the method of any one of claims 4 to 6, as an active ingredient.

(8) The apoptosis-inducing agent of claim 7 that induces tumor cell apopfosis.

(9) The apoptosis-inducing agent of claim 8, wherein the tumor cell is a lymphoma
or leukemic cell.

(10)  An antitumor dgent comprising the minibody of any one of claims 1 to 3 or the
minibody produced by the method of any one of claims 4 to 6, as an active ingredient.

(11) The antitumor agent of claim 10, wherein the tumor is a blood tumor '

(12) The apoptosis-inducing agent of any one of claims 7 to 9, wherein the antlbody
is a diabody. }

(13) The antitumor agent of claim 10 or 11, wherein the antibody is a diabody.

The present invention provides minibodies that recognize CD22.  The minibodies of
this invention are useful in that their activities are enhanced. Herein, the term “activities” refers
to biological actions caused by antibody binding to antigens. Specific examples include
apoptosis-inducing actions and anti-tumor actions.

The cells to be targeted by apoptosis-inducing action, anti-tumor action, and so-on are
not particularly limited, but tumor cells are preferable. Specific examples of the tumor cells are
most preferably lymphoma cells and leukemia cells. ‘

In the present invention, administration of minibodies that recdgnize CD22 can treat or
prevent diseases such as tumors, including blood tumors (specifically, leukemia, myelodysplastic
syndrome, malignant lymphoma, chronic myeloid leukemia, abnormal plasma cells (such as
multiple-myeloma or macroglobulinemia), myeloproliferative disease (such as polycythemia
vera, essential thrombocythemia, or idiopathic myelofibrosis), or such), and autoimmune
diseases (specifically, theumatism, autoimmune hepatitis, autoimmune thyroiditis, autoimmune
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bullous diseases, autoimmune adrenal disease, autoimmune hemolytic anemia, autoirﬁmune
thrombocytopenic purpura, autoimmune atrophic gastritis, autoimmune neutropenia,
autoimmune orchitis, autoimmune encephalomyelitis, autoimmune receptor disease, autoimmune
infertility, Crohn’s disease, systemic lupus erythematosus, multiple sclerosis, Basedow’s disease,
juvenile diabetes, Addison’s disease, myasthenia gravis, lens-induced uveitis, psoriasis, and
Behchet’s disease). |

- In the present invention, CD22 refers to a molecule that belongs to the Ig superfamily,
consists of seven Ig-like domains, and is genetically located at 19q13.1 (Tedder et al., Ann. Rev.
Immunol. 15:481-504 (1997)). '

In the present invention, a minibody comprises an antibody fragment lacking a portion
of a whole antibody (for example, whole IgG). The minibodies of the present invention are not
particularly limited, so long as they can bind an antigen. There are no particular li_mitationS on
the antibody fragments of the present invention, so long as they are portions of a whole antibody,
and preferably contain a heavy chain variable region (VH) or a light chain variable region (VL).
More preferably, the antibody fragments contain both a heavy chain variable region (VH) and a
light chain variable region (VL). Specific examples of the antibody fragments include Fab, _ |
Fab’, F(ab’)2, Fv, and scFv (single chain Fv), but are preferably scFv (Huston, 1.S.et al., Proc.
Natl. Acad. Sci. U.S.A. (1988) 85, 5879-5883; Plickthun “The Pharmacology of Monoclonal
Antibodies” Vol. 113, Resenburg and Moore Ed., Springer Verlag, New York, pp. 269-315,
(1994)).  Such antibody fragments can be prepared by treafing an antibody with an enzyme,

-such as papain or pepsin for example, to generate antibody fragments, or by constructing genes

that encode these antibody fragments, introducing them into expression vectors, and then .
expressing them in appropriate host cells (see, for example, Co, M. S. et al., 1994, J. Immunol.
152, 2968-2976; Better, M. and Horwitz, A. H., 1989, Methods Enzymol. 178, 476-496;
Pluckthun, A. and Skerra, A., 1989, Methods Enzymol. 178, 497-515; Lamdyi, E., 1986,
Methodé Enzymol. 121, 652-663; Rousseaux, J. et al., 1986, Methods Enzymol. 121, 663-669;
Bird, R. E. and Walker, B. W., 1991, Trends Biotechnol. 9, 132-137). a

The minibodies of this invention preferably have smaller molecular weights than a ‘
whole antibody, however, they may form multimers including dimers, trimers, and tetramers, and
their molecular weights may become greater than that of a whole antibody.

A preferred minibody of this invention is an antibody comprising two or more antibody

" VHs and two or more antibody VLs, in which each of these variable regions is linked directly or

indirectly via linkers or such. Such linkages may be covalent bonds or non-covalent bonds, or
may be both. An even more preferable minibody is an antibody comprising two or more

VH-VL pairs formed by non-covalent bonds between VH and VL. In this case, the distance

- between one VH-VL pair and another VH-VL pair is preferably shorter in a minibody than in a
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- whole antibody. - A !

A particnlarly favorable minibody of this invention is a diabody. A diabody is a dimer

~ formed by bonding two fragments, in which a variable region is linked to another variable region

via a linker or such (for example, scFv) (hereinafter referred to as dlabody -constituting

fragments), and usually comprises two VLs and two VHs (P. Holliger ez al., Proc. Natl. Acad. Sc1.

USA, 9Q, 6444-6448 (1993), EP404097, WO93/11161; Johnson et al., Method in Enzymology,

_ '203, 88-98, (1991); Holliger et al., Protein Engineering, 9, 299-305, (1996); Perisic et al.,

Structure, 2, 1217-1226, (1994); John et al., Protein Engineering, 12(7), 597-604, (1999),
Holllger et al., Proc. Natl. Acad. Sci. USA., 90, 6444-6448, (1993) Atwell et al., Mol. Immunol.
33, 1301- 1312, (1996)). The bonds between the diabody-constituting fragments may be
non- covalent or covalent, but are preferably non-covalent.
Alternatively, diabody-constituting fragments may be bound by a linker or such to form
a single chain diabody (sc diabody). In such cases, linking the diabody-constituting fragments
using a long linker of about 20 amino acids.allows diabody-constituting fragments on the same
chain to form a dimer via non-covalent bonds to each other. o
Diabody-constituting fragments include those with a linked VL-VH, linked VL-VL, and
linked VH-VH, and are preferably those with a linked VH-VL. In the diabody-constituting
fragments, the linker used to link a variable region to a vnriable region is not particularly limited,
but is preferably a linker short enough to prevent non-covalent bonding between variable regions

in the same fragment. The length of such a linker can be appropriately determined by those

skilled in the art, and is ordinarily 2 to 14 amino acids, preferably 3 to 9 amino acids, and most
preferably 4 to 6 amino acids. In this case, linkers between a VL and VH encoded on the same
fragment are short, and thus a VL and VH on the same strand do not form a non-covalent bond
nor a single-chain V region fragment; rather, the fragment forms a dimer with another fragment
via non-covalent bonding. Furthermore, according to the same principle as.in diabody
construction, three or more diabody-constituting fragments may be bonded to form multimeric
antibodies, such as trimers and tetramers.
Without limitation, examples of the diabodies of this invention are shown below:
diabodies comprising the amino acid sequence of SEQ ID NO: 1 or 3;
2. diabodies functionally equivalent to a diabody comprising the sequenc'e of SEQ ID NO:
' 1 or 3, and comprising the amino acid sequence of SEQ ID NO: 1 or 3 wherein one or

more amino acids are mutated (substituted, deleted, inserted, and/or added);

3. diabodies comprising the amino acid sequences of the CDR (or variable region) of SEQ
_ ID NO: 5 and the CDR (or variable region) of SEQ ID NO: 7,
4. diabodies functionally equivalent to a diabody comprising the sequences of the CDR (or

variable region) of SEQ ID NO: 5 and the CDR (or variable region) of SEQ ID NO: 7,
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and comprising the amino acid sequences of the CDR (or variable region) of SEQ ID
NO: 5 and the CDR (or variable region) of SEQ ID NO: 7 wherein one or more amino

acids are mutated (substituted, deleted, inserted, and/or added);

5. diabodies comprising the amino acid sequences of the CDR (or variable regfon) of SEQ
ID NO: 9 and the CDR (or variable region) of SEQ ID NO: 11; and
6. diabodies functionally equivalent to a diabody comprising the sequences of the CDR (or

- variable region) of SEQ ID NO: 9 and the CDR (or variable region) of SEQ ID NO: 11,
and comprising the amino acid sequences of the CDR (or variable region) of SEQ ID
NO: 9 and the CDR (or variable region) of SEQ ID NO: 11 wherein one or more amino -

acids are mutated (substituted, deleted, inserted, and/or added).

Herein, “functionally equivalent” means that the diabody of interest has an activity
equivalent to an activity of a diabody comprising the sequence of SEQ ID NO: 1 or 3, a diabody
comprising the sequences of the CDR (or variable region) of SEQ ID NO: 5 and the CDR (or
variable region) of SEQ ID NO: 7, or a diabody comprising the sequences of the CDR (or
variable region) of SEQ ID .NO: 9 and the CDR (or variable region) of SEQ ID NO: 11 (for
example, CD22 binding activity, and apoptosis-inducing activity). '

The number of mutated amino acids is not particularly limited, but may ordinarily be 30
amino acids or less, preferably 15 amino acids or less, and more preferably five amino acids or
less (for example, three amino acids or less). The amino acids are preferably mutated or
modified in a way that conserves the properties of the amino acid side chain. Examples of
amino acid side chain properties are: hydrophobic amino acids (A, I, L, M, E, P, W, Y, and V),
hydrophilic amino acids (R, D, N, C, E, Q, G H, K, S, and T), amino acids comprising the
following side chains: aliphatic side chains (G A, V, L, I, and P); hydroxyl-containing side
chains (S, T, and Y); sulfur-containing side chains (C and M); carboxyli'c acid- and
amide-cbntaining side chains (D, N, E, and Q); basic side éhains (R, K, and H); aromatic
ring-containing side chains (H, F, Y, and W) (amino acids are represented by one-letter codes in
parentheses). Polypeptides comprising a modified amino acid sequence, in which one or more
amino acid fesidues is deleted, added, and/or replaced with other amino acids, are known to
retain their original biological activity (Mark, D. F. et al., Proc. Natl. Acad. Sci. USA 81,
5662-5666 (1984); Zoller, M. J. & Smith, M. Nucleic Acids Research 10, 6487-6500 (1982);
Wang, A. et al., Science 224, 1431-1433; Dalbadie-McFarland, G. et al., Proc. Natl. Acad. Sci.
USA 79, 6409-6413 (1982)). '

Furthermore, a diabody comprising the amino acid sequence of SEQID NO: 1 or 3, a
diabody comprising the sequences of the CDR (or variable region) of SEQ ID NO: 5 and the

- CDR (or variable region) of SEQ ID NO: 7, or a diabody comprising the sequences of the CDR
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- (or variable region) of SEQ ID NO: 9 and the CDR (or variable region) of SEQ ID NO: 1 may

be humanized or chimerized to reduce heterologous antigenicity against humans. ‘
In the amino acid sequence 'corresponding to the variable region of SEQ ID NO: 5,
amino acids 31 to 35 correspond to CDR1, amino acids 50 to 66 correspond to CDR2, and amino

‘acids 99 to 105 correspond to CDR3. In the amino acid sequence corresponding to the variable
vregion of SEQ ID NO: 7, amino acids 24 to 40 correspond to CDR1, amino acids 56 to 62

correspond to CDR2, and amino acids 95 to 103 correspond to CDR3. In the amino acid
sequence corresponding to the variable region of SEQ ID NO: 9, amino acids 31 to 35
correspond to CDR1, amino acids 50 to 66 correspond to CDR2, and amino acids 99 to 1'_12
correspond to CDR3. In the amino acid sequehce corresponding to the variable region of SEQ
ID NO: 11, amino acids 24 to 34 correspond to CDR1, amino acids 50 to 56 correspond to CDR2,
and amino acids 89 to 97 correspond to CDR3.

In the present invention, the CD22-recognizing minibodies specifically bind to CD22.
They are not particularly limited, so long as they have a biological action. The minibodies of
this invention can be prepared by methods well known to those skilled in the art. For example,
as described in the Examples, the antibodies can be prepared based on a sequence of a
CD22-recognizing antibody (paﬁicularly a variable region sequence or a CDR sequence), using
genetic engineering techniques known to those skilled in the art.

A previously known antibody sequence can be used for the sequence of the

-CD22-recognizing antibody, or an anti- CD22 antibody can be prepared by a method well known

to those skilled in the art using CD22 as the antigen, and then the sequence of this antibody can
be obtained and used.  Specifically, for example, this can be performed as follows: CD22
protein or its fragment is used as a sensitizing antigen to perform immunizations according to
conventional immunization methods, the obtained immunocytes are fused with well-known
parent cells according to conventional cell fusion methods, and monoclonal antibody-producing
cells (hybridomas) are then screened by ordinary screening methods. Antigens can be prepared
by known methods, such as methods using baculoviruses (W098/46777 and such).
Hybridomas can be prepared, for example, according to the method of Milstein et al. (Kohler, G
and Milstein, C., Methods Enzymol. (1981) 73:3-46). When the antigen has low
immunogenicity, immunization can be performed using the antigen bound to an immunogenic
macromolecule, such as albumin. Thereafter, cDNAs of the variable region (V region) of the
antibody are synthesized from the mRNAs of the hybridomas using reverse transcriptase, and the
sequences of the obtained cDNAs can be determined by known methods.

Antlbodles that recognize CD22 are not particularly limited, so long as they bind to
CD22. Mouse antibodies, rat antibodies, rabbit antibodies, sheep antibodies, human antibodies,
and such may be used as necessary.  Alternatively, artificially modified, genetically
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recombinant antibodies, such as chimeric and humanized antibodies, may be used to red_uce
heterologous antigenicity against humans. These modified antibodies can be produced using
known methods. A chimeric antibody is an antibody comprising the variable regions of the
heavy and light chains of an antibody from a non-human mammal such as a mouse, a'nd the
constant regions of the heavy and light chains of a human antibody. A chimeric antibody can
be produced by linking a DNA encoding the variable regions of a mouse' antibody with a DNA
encoding the constant regions of a human antibody, incorporating this into an expression vector,
and then introducing the vector to a host. |

Humanized antibodies are also referred to as “reshaped human antibodies”. Such

humanized antibodies are obtained by transferring the CDR of an antibody derived from a

. non-human mammal, for example a mouse, to the CDR of a human antibody, and general gene

recombination procedures for this are also known. Specifically, a DNA sequence designed to
link a murine antibody CDR to the framework region (FR) of a human antibody can be |
synthesized by PCR, using primers prepared from several oligonucleotides containing
overlapping portions of terminal regions. The obtained DNA is linked to a DNA encoding =
human antibody constant regions, and this is then integrated into an expression vector, and the
antibody is produced by introducing this vector i_nto host cells (see European Patent Application
EP 239400, and International Patent Applicationn WO 96/02576). - The human antibody FR to be

. linked via the CDR is selected so the CDR forms a favorable antigen-binding site. To form a

suitable antigen-binding site, amino acids in the framework region of the antibody variable

-region may be substituted in the CDR of the reshaped human antibody, as necessary (Sato, K. et

al., 1993, Cancer Res. 53, 851-856). A

‘These chimeric antibodies and humanized antibodies can be chimerized, humanized,
and such after their molecular weight is reduced, or their molecular weight can be reduced after
they have been chimerized, humanized, or such. » |

Methods for obtaining human antibodies are also known. For example, human
lymphocytes can be sensitized in vitro with a desired antigen, or with cells expressing the desired
antigen, and the sensitized lymphocytes can be fused with human myeloma cells, such as U266,
to obtain thé desired human antibody with antigen-binding activity (Examined Published
Japanese Patent Application No. (JP-B) Hei 1-59878). Further, a desired human antibody can
be obtained by using a desired antigen to immunize transgenic animals that have a full repertoire -
of human antibody genes (see International Patent Application WO 93/12227, WO 92/03918,
WO 94/02602, WO 94/25585, WO 9'6/34096, and WO 96/33735). Furthermore, techniques for
obtaining human antibodies by pénning using a human antibody library are also known. "For
example, variable regions of human antibodies can be expressed as singlelchain antibodies
(scFvs) on the surface of phages using phage display methods, and phages that bind to antigens
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can be selected. The DNA sequences that encode the variable regions of human antibodies that
bind an antigen can be determined by analyzing the.geneé of the selected phages. By
determining the DNA sequences of the scFvs that bind to the antigens, appropriate expression
vectors into which relevant sequences are inserted can be produced to yield human antibodies.

‘These methods are already known, and are detailed in the following public_ations: WO 92/01047,

wO 92/_20791, WO 93/06213, WO 93/11236, WO 93/19172, WO 95/01438, and WO 95/15388.

| The antibodies of this invention may be conjugated antibodies that are bonded to

various molecules, such as polyethylene glycol (PEG), radioactive substances, and toxins.

Such cbnjugate antibodies can be obtained by performing chemical modifications on the

obtained antibodies. Methods for antibody modification are established in this field. The term

“antibody” in this invention includes such conjugate antibodies. '
The present invention includes DNAs that encode the antibodies of this invention.

This invention also includes DNAs encoding antibodies that hybridize under stringent conditions -

to the aforementioned DNAs, and have antigen-binding capacity and activity. Hybridization

techniques (Sambrook, J. et al., Molecular Cloning 2nd ed., 9.47-9.58, Cold Spring'Harbor Lab.

press, 1989) are well known to those skilled in the art, and hybridization conditions can be -

selected appropriately by those skilled in the art. = Such hybridization conditions include, for

example, conditions of low stringency. Examples of conditions of low stringency include -

post-hybridization washing in 0.1x SSC and 0.1% SDS at 42°C, and preferably in 0.1x SSC and ‘

10.1% SDS at 50°C. More preferable hybridization conditions include those of high stringency.

Highly stringent conditions include, for example, washing in 5x SSC and 0.1% SDS at 65°C.

In these conditions, the higher the temperature, the higher the expectation of efficiently obtaining
DNAs with a high homology. However, several factors, such as temperature and salt
concentration, can influence hybridization stringency, and those skilled in the art can suitably
select these factors to achieve similar stringencies.

The DNAs of this invention are used for in vivo and in vitro production of the antibodies
of this invention, and for other applications, such as gene therapy. The DNAs of this invention
may be in any form, so long as they encode the antibodies of this invention. More specifically,
they may be cDNAs synthesized from mRNAs, genomic DNAs, chemically synthesized DNAs,
or such. Furthermore, the DNAs of this invention include any nucleotide sequence based on the
degeneracy of the genetic code, so long as they encode the antibodies of this invention.

The antibodies of this invention can bé produced by methods well known to those
skilled in the art.  More specifically, a DNA of an antibody of interest is incorporated into an
expression vector. In so doing, the DNA is incorporated into the expression vector and
expressed under the control of an expression regulatory region such as an enhancer or promoter.

Next, antibodies can be expressed by transforming host cells with this expression vector. In this
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regard, appropriate combinations of hosts and expression vectors can be used.

The vectors include, for example, M13 vectors, pUC vectors, pBR322, pBluescript, and
pCR-Script. In addition to the above vectors, for example, pGEM-T, pDIRECT, and pT7 can
also be used for the subcloning and excision of cDNAs.

When using vectors. to produce the antibodies of this invention, expression vectors are
particularly useful. 'When an expression vector is expressed in E. coli, for example, it should
have the above characteristics in order to be amplified in E. coli. Additionally, when E. coli
such as IM109, DH5 o, HB101, or XL1-Blue are used as the host cell, the vector preferably has
a promotér, for example, a lacZ promoter (Ward et al. (1989) Nature 341:544-546; (1992)
FASEB J. 6:2422-2427), araB promoter (Better ez al. (1988) Science 2_40:1041-1043), or T7

~ promoter, to allow efficient expression of the desired gene in E. coli. Other examples of the ‘

vectors include pGEX-5X-1 (Pharmacia), “QIAéxpress system” (QIAGEN), pEGFP, and pET
(where BL21, a strain expressing T7 RNA polymerase, is preferably used as the host). |

Furthermore, the vector may comprise a signal sequence for polypeptide secretion.
When producing proteins into the periplasm of E. coli, the pelB signal sequence (Lei, S. P. et al.
J. Bacteriol. 169:4379 (198’7)) may be used as a signal sequence for protein secretion. For |
example, calcium chloride methods or e]ectroporatio'n methods may be used to introduce the
vector into a host cell. | |

In addition to E. coli, expression vectors derived from mammals (e.g., pPCDNA3
(Inv1trogen), pEGF-BOS (Nucleic Acids Res. (1990) 18(17):5322), pEF, pCDM8), insect cells -

.(e.g., “Bac-to-Bac baculovirus expression system” (GIBCO-BRL), pBacPAKS), plants (e.g.,

pMHI, pMH2), animal viruses (e.g., pHSV, pMV, pAdexLcw), retroviruses (e.g., pZIPneo),
yeasts (e.g., “Pichia Expression Kit” (Invitrogen), pNV 11, SP-QO01), and Bacillus subtilis (e.g.,
pPL608, pKTH50) may also be used as a vector for producing a polypeptide of the present
invention.

In order to express proteins in animal cells, such és CHO, COS, and NIH3T3 cells, the
vector preferably has a promoter necessary for expression in such cells, for example, an SV40
promoter (Mulligan ez al. (1979) Nature 277:108), MMLV-LTR promoter, EF1oppromoter
(Mizushimé et al. (1990) Nucleic Acids Res. 18:5322), CMV promoter, etc.). It is even more
preferable that the vector also carries a marker gene for selecting transformants (for example, a
drug-resistance gene enabling selection by a drug such as neomycin or G418). Examples of
vectors with such characteristics include pMAM, pDR2, pBK-RSV, pBK-CMYV, pOPRSYV,
pOP13, and such.

In addition, to stably express a gene and amplify the gene copy number in cells, CHO

cells with a defective nucleic acid synthesis pathway can be introduced with a vector containing

~a DHFR gene (for example, pCHOI) to compensate for the defect, and the copy number may be
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~ amplified using methotrexate (MTX). Alternatively, a COS cell, which carries an SV40 T

antigen-expressing gene on its chromosome, can be.transformed with a vector containing the

* SV40 replication origin (for examplé, pcD) for transient gene expression.  The replication

origin may be derived from polyoma viruses, adenoviruses, bovine papilloma viruses (BPV), and

such. Furthermore, to increase the gene copy number in host cells, the expression vector may
contain, as a selection marker, an aminoglycoside transferase (APH) gene, thymidine kinase
- (TK) gene, E. coli xanthine guanine phosphoribosyl transferase (Ecogpt) gene, dihydrofolate

reductase (dhfr) gene, and such.

* Methods for exbressing the DNAs of this invention in thefvbodies of animals include
methods of ihcorporating the DNAs of this invention into appropriate vectors and introducing
thefn into living bodies by, for example, a retrovirus method, liposome method, cationic
liposome method, or adenovirus method. The vectors used include adenovirus vectors (for
example, pAdexch)', and retrovirus vectors (for example, pZIPneo), but are not limited thereto.
General genefic manipulations such as inserting the DNAs of this invention into vectors can be
performed according to conventional methods (Molecular Cloning, 5.61-5.63). Administration
to living bodies can be carried out by ex vivo or in vivo methods.

Furthermore, the preseht invention provides host cells into which a vector of this
invention is introduced. The host cells into which a vector of this invention is introduced are
not particularly limited; for example, E. coli and various animal cells are available for this
purpose. The host cells of this invention may be used, for example, as production systems to
produce and express the antibodies of the present invention. In vitro and in vivo production
systems are available for polypeptide production systems. Production systems that use
eukaryotic cells or prokaryotic cells are examples of in vitro production systems.

Eukaryotic cells that can be used include, for example, animal cells, plant cells, and
fungal cells. Known animal cells include mammalian cells, for example, CHO (J. Exp. Med.
(1995)108, 945), COS, 3T3, myeloma, BHK (baby hamster kidney), HeLa, Vero, amphibian
cells such as Xenopus laevis oocytes (Valle, er al. (1981) Nature 291, 358-340), or insect cells
(e.g., S9, Sf21, and Tn5). CHO cells in which the DHFR gene has been deleted, such as
dhfr-CHO (Proc. Natl. Acad. Sci. USA (1980) 77, 4216-4220) and CHO K-1 (Proc. Natl. Acad.
Sci. USA (1968) 60, 1275), are particularly preferable for use as CHO cells. Of the animal cells,
CHO cells are particularly favorable for large-scale expression. Vectors can be introduced into
a host cell by, for example, calcium phosphate rhethods, DEAE-dextran methods, methods using
cationic liposome DOTAP (Boehringer-Mannheim), electroporation methods, lipofection
methods; efc.

Plant cells include, for example, Nicotiana tabacum-derived cells known as polypeptide

production systems. ~Calluses may be cultured from these cells. Known fungal cells include
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yeast cells, for example, the genus Saccharomyces, such as Saccharomyces cerevisiaeﬁ and
filamentous fungi, for example, the genus Aspergillus such as Aspergillus niger.

Bacterial cells can be used in prokaryotic production systems. Examples of bacterial
cells include E. coli (for example, IM109, DH5a, HB101 and such); and Bacillus subtilis. -

Antibodies can be obtained by transforming the cells with a polynucleotide of interest,
then culturing these transformants in vitro. Transformants can be cultured using known
methods. For example, DMEM, MEM, RPMI 1640, or IMDM may be used as a culture
medium for animal cells, and may be used with or without serum supplements such as fetal calf
serum (FCS)‘. Serum-free cultures are also acceptable. The preferred pH is about 6 to 8 over -
the course of culturing. Incubation is typically carried out at about 30 to 40°C for about 15 to
200 hours. Medium is exchanged, aerated, or agitated, as necessary.

On the other hand, production systems using animal or plant'hosts may be used as
systems for producing polypeptides in vivo. For example, a DNA of interest may be introduced
into an animal or plant, and the polypeptide produced in the body of the animal or plant is then
recovered. The “hosts” of the present invention include such animals and plants.

When using animals, there are production systems using mammals or insects.

Mammals such as goats, pigs, sheep, mice, and cattle may be used (Vicki Glaser SPECTRUM
Biotechnology Applications (1 993)). AlternatiVely, the mammals may be transgenic animals.
For example, a DNA of interest may be prepared as a fusion gene with a gene encoding

a polypeptide specifically produced in milk, such as the goat B-casein gene. DNA fragments

-containing the fusion gene are injected into goat embryos, which are then introduced back to

female goats. The desired antibody can then be obtained from milk produced by the transgenic
goats, which are born from the goais that received the embryos, or from their offspring.
Appropriate hormones may be administered to increase the volume of milk containing the
polypeptide produced by the transgenic goats (Ebert, K.M. et al., Bio/Téchnology‘ 12, 699-702
(1994)). | |

Insects, such as silkworms, may also be used. Baculoviruses carrying a DNA of
interest can be used to infect silkworms, and the antibody of interest can be obtained from their
body fluids (Susumu, M. et al., Nature 315, 592-594 (1985)).

When using plants, tobacco can be used, for example. When tobacco is used, a DNA
of interest may be inserted into a plant expression vector, for example, pMON 530, and then the
vector may be introduced into a bacterium, such as Agrobacterium tumefaciens. The bacteria
are then used to infect tobacco, such as Nicotiana tabacum, and the desired polypeptides are
recovered from the leaves (Julian K.-C. Ma er al., Eur. J. Immunol. 24, 131-138 (1994)). -

The resulting antibodies of this invention may be isolated from the inside or outside

~ (such as the medium) of host cells, and purified as substantially pure and homogenous antibodies.



10

15

20

25

30

35

13 Translation of WO 2004/087763

Any standard method for isolating and purifying antibodies may be used, and methods are not
limited to any specific method. ~Antibodies may be isolated and purified by selecting an

" appropriate combination of, for example, chromatographic columns, filtration, ultrafiltration,

salting out, solvent precipitation, solvent extraction, distillation, immunoprecipitation,

'SDS-polyacrylamide gel electrophoresis, isoelectric focusing, dialysis, recrystallization, and

others.

Chromatography includes, for example, affinity chromatography, ion exchange

~ chromatography, hydrophobic chromatography, gel filtration, reverse-phase chromatography, and

adsorption chromatography (Strategies for Protein Purification and Characterization: A
Laborato_ry Course Manual. Ed Daniel R. Marshak ez al., Cold Spring Harbor Laboratory Press,
1996). These chromatographies can be carried out using liquid phase chromatographies such as
HPLC and FPLC. The present invention also includes antibodies that are highly purified using
these purification methods.

In the present invention, the antigen-binding activity of antibodies (Antibodies: A
Laboratory Manual. Ed Harlow, David Lane, Cold Spring Harbor Laboratory, 1988) can be
measured using well-known techniques. For example, ELISA (enzyme linked immunosorbent
assay), EIA (enzyme immunoasSay), RIA (radioimmunoassay), or fluoroimmunoassay may be
used. » ‘

In the present invention, whether or not the antibodies of this invention induce ‘apoptosis_
in tumor cells can be determined from whether cell death is induced in Daudi cells or Raji cells,
as in the Examples.

Furthermore, the present invention provides apoptosis-inducing agents or antitumor
agents that comprise minibodies of this invention as active ingredients. Activities of the
minibodies in this invention are considered to have a particularly large effect on lymphoma or
leukemic cells, therefore, they are considered to be particularly effective for treatment and
prevention of tumors such as cancer (particularly blood tumors). When using anti-CD22
antibodies whose molecular weight has not been reduced as active ingredients, they are
preferably cross-linked with an anti-IgG antibody or such.

The above-mentioned antibodies can also be used as conjugate antibodies, after linking
to various reagents. Examples of such reagents include chemotherapy reagents, radioactive
substances, and toxins. Such conjugate antibodies can be produced by known methods (US
5057313, and US 5156840). |

The above-mentioned pharmaceutical agents can be directly administered to patients, or
administered as pharmaceutical compositions formulated by known pharmaceutical methods. '
For example, they may be administered orally, as tablets, capsules, elixirs, or microcapsules,
sugar-coated as necessary; or parenterally, in the form of injections of sterile solution or



10

15

20

25

30

35

14 Translation of WO 2004/087763

suspensions prepared with water or other pharmaceutically acceptable liquids. For eXample,
they may be formulated by appropriately combining them with pharmaceutically acceptable
carriers or media, more specifically, sterilized water or physiological saline solutions, vegetable
oils, emulsifiers, suspending agents, surfactants, stabilizers, flavoring agents, excipiehts, vehicles,
preservatives, binding agents, and such, and mixing them at a unit dosage form required for
generally accepted pharmaceutical practice. The amount of active ingrédient in the formulation
is such that appropriate doses within indicated ranges are achieved. .
Additives that can be mix_éd into tablets and capsules include, for example; binding
agents such as gelatin, cornstarch, tragacanth gum, and gum arabic; excipients such as crystalline-
cellulose; swelling agents such as cornstarch, gelatin, alginic acid; lubricants such as magnesium
stearate; sweeteners such as sucrose, lactose, or saccharine; and flavormg agents such as
peppermint and Gaultheria adenothrix oils, or cherry.  When the unit dosage form is a capsu]e
liquid carriers such as oils and fats can be further included in the above-indicated materials.
Sterile compositions to be injected can be formulated using a vehicle such as distilled water for
injection, according to standard protocols. v
Aqueous solutions for injection include, for example, physiological saline and isotonic
solutions comprising glucose or other adjunctive agehts such as D-sorbitol, D-nﬁannose,
D-mannitol, and sodium chloride. They may also be combined with appropriate solubilizing
agents, such as alcohol, and specifically, ethanol, polyalcohol such as propylene glycol or
polyethylene glycol, or non-ionic detergent such as polysorbate 8OTM or HCO-50, as necessary. -
Oil solutions include sesame oils and soybean oils, and can be combined with
solubilizing agents such as benzyl benzoate or benzyl alcohol. " Injection solutions may also be
formulated with buffers, for example, phosphate buffers or sodium acetate buffers; anal gesics,
for example, procaine hydrochloride; stabilizers, for example, benzyl alcohol or phenol; or
anti-oxidants. The prepared injections are typically aliquoted into appfopriate ampules.
'AdminiStration to patients may be performed, for 'example by intra-arterial injection,
intravenous injection, or subcutaneous injection, alternatively by intranasal, _transbronchia],
intramuscular, transdermal, or oral administration using methods well known to those skilled in
the art. Doses vary depending on the body weight and age of the patient, method of
administration and such; nevertheless, those skilled in the art can appropriately select suitable
doses. Furthermore, if a compound can be encoded by a DNA, the DNA may be incorporated
into a gene therapy vector to carry out gene therapy. Doses and administration methods vary
depending on the body weight, age, and symptoms of patients, but, again, they can be '
appropriately selected by those skilled in the art. ,
A single dose of a pharmaceutical agent of this invention varies depending on the target

- of administration, the target organ, symptoms, and administration method. However, an
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ordinary adult dose (presuming a body weight of 60 kg) in the form of an injection is
approximately 0.1 to 1000 mg, preferably approximately 1.0 to 50 mg, and more preferably

" approximately 1.0 to 20 mg per day, for example.

When administered parenterally, a single dose varies depending on the target of
administration, the target organ, symptoms, and administration method, but in the form of an

injection, for example, a single dose of approximately 0.01 to 30 mg, preferably approximately

0.1 to 20 mg, and more preferably approximately 0.1 to 10 mg per day may be advantageously

administered intravenously to an ordinary adult (presuming a body weight of 60 kg). For other
ammals a converted amount based on the amount for a body weight of 60 kg, or a converted
amount based on the amount for a body surface area can be administered.

Brief Description of the Drawings

Fig. 1 shows the nucleotide sequence and amino acid sequence of an LL2 diabody.

Fig. 2 shows the nucleotide sequence and amino acid sequence of an RFB4 diabody.

Fig. 3 is a set of photographs showing diabody purity. Each of the purified diabodies
was subjected to SDS-PAGE analysis, and then analyzed by CBB staining or Western blotting
using anti-Flag antibody. As a result, two diabodies were found to be purified, although not
completely.

Fig. 4 shows the binding activity of each of the diabodies to Raji cells. The ability of _
each of the purified diabodies to bind to Raji cells was analyzed. As a result, both diabodies
were found to bind to Raji cells. Binding activity was stronger for RFB4 diabody than for LL2
diabody. However, since LL2 antibody is reported to have high activity of internalizing into
cells, most of the LL2 diabodies are predicted to have transferred into cells after binding to the
cells. ' _

Fig. 5 shows the result of analyzing the cytotoxicity of each diabody. The cytotoxicity
of the CD22 diabodies was measured against two types of B-lymphoma cell lines, Daudi and
Raji, which are known to strongly express CD22. Each of the diabodies was added to the cells
at different concentrations (as indicated in the figure), and 20 hours later, the cells were stained
with PI to measure the percentages of dead cells. As a result, both CD22 diabodies were
confirmed to induce cell death in B-lymphoma cell lines. These results prove’d that converted
diabodies originated from anti-CD22 antibody can induce cell death in B-lymphoma cell lines by

themselves.

Best Mode for Carrying Out the Invention

Herein below, the present invention is specifically described using Examples, but it is

not to be construed as being limited thereto.
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[Example 1] Production of CD22 diabody-expressing vectors ’

Based on previously known sequence information for two types of anti-CD22 antibodies,
specifically LL2 (Patent No. 3053873) and RFB4 (JP 2002501488-A), nucleotide seqﬁencés for
each of the CD22 diabodies, in which the heavy-chain and light-chain variable regions are linked
through a 5-mer linker, were designed (LL2 diabody and RFB4 diabody). Each of the diabody
sequences are shown in Fig. 1 (SEQ ID NOs: 1 and 2) and Fig. 2 (SEQ ID NOs: 3 and 4) (linkers
are indicated by underlines, and Flag-tags are indicated by wavy lines).

To synthesize cDNAs encoding the designed LL2 diabody and RFB4 diabody, twelve
types of oligo-DNAs were produced for each of the diabodies (Espec Oligo Service). The

_ sequences of the synthetic DNAs used are shown in SEQ ID NOs: 13 to 36. cDNAs encoding

the diabodies were synthesized as described below.  First, two of the oligo-DNAs each were
mixed in appropriate combinations. Each mixture was subjected to an annealing and then an
elongation reaction in a tube, to produce appropriately 150 bp of DNA fragments. Then, by
repeating the recombination reaction several times among the obtained DNA fragments,
approximately 800 bp of cDNAs were ultimately synthesized. _
Each of the synthesized cDNAs was digestéd with EcoRI-Notl, and inserted into the
EcoRI-Notl gap of the animal c.ell expression vector, pCXND3. The nucleotide sequences of
the vectors were confirmed to complete the construction of an LL2 diabody expression vector
(pCXND3-LL2DB) and RFB4 diabody expression vector (p)CXND3-RFB4DB).

[Example 2] Purification of CD22 diabodies
(1) Establishment of cell lines expressing LL2 diabody and collection of culture supernatant

20 pg of pPCXND3-LL2DB, linearized by cleaving with Pvul, was introduced into
DG44 cells by electroporation, as described below.  After washing DG44 cells twice with
ice-cold PBS, théy were suspended in PBS to a density of 'lx 107 cells/ml. 20 ug of the
above-mentioned plasmid was mixed into the suspension, and subjected to electroporation (1.5
kV, 25 uFD). The cells were appropriately diluted, plated onto-a 96-well plate, and cultured in
the presence of G418 (GIBCO) at a final concentration of 500 pug/ml. Approximately 30 cell
clones were selected from wells in which colonies had grown, and diabody expression levels in
the culture supernatants were investigated by Western blotting. Clones showing diabody
expression were expanded to use as LL2 diabody-overproducing cell lines. A confluent LL2
diabody-overproducing cell line in a T-175 flask was transferred to two roller bottles (250 ml of
CHO-S-SFMII media (GIBCO)), and the culture supernatant was collected five days later.
After removing the dead cells by centrifugation, the culture supernatant was passed through a

- 0.45 pum filter and used for LL2 diabody purification.
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(2) Transient expression of RFB4 diabodies in cos7, and collection of culture supernatant
20 ug of pCXND3-RFB4DB was introduced into COS7 cells by an electroporation
method, as described below.  After washing the COS7 cells twice with ice-cold PBS, they were

suspended in PBS to a density of 1x .107 cells/ml. 20 ug of the above;mentioned plasmid was

mixed into the suspension, and subjected to electroporation (220 V, 950 uFD). Then, all cells
were placed in to three T-225 flasks (DMEM + 10% FCS), and the culture supernatant was
collected three days later.  After removing the dead cells by centrifugation, the culture

supernatant was passed through a 0.45 pum filter and used for RFB42 diabody purification.

3) ‘Purification of diabodies

Purification of diabodies was performed as follows: Anti-Flag M2 Agarose (SIGMA)
was added to each of the collected culture supernatants, and mixed overnight at 4°C to adhere the -
diabodies. Anti-Flag M2 Agarose was collected by centrifugation, and washed several times
with PBS, and then the diabodies were eluted using an elution buffer (100 mM Glycine pH3.5,
0.01% Tween 20). The collected samples were immediately neutralized with Tris-HCI (pH8.0)
such that the final concentration was 25 mM. The samples were then concentrated, and the
buffer was changed to PBS containing 0.01% of Tween 20. A portion of the collected samples
was subjected to SDS electrophoresis, and then Western blotting using the anti-FLAG antibody

- -and Coomassie staining were carried out to confirm that the target protein was purified.

[Example 3] Confirmation of binding of CD22 diabodies to lymphoma cells

~ Purified LL2 diabody and RFB4 diabody were added to cells of the B-lymphoma cell
line, Raji, in PBS containing 2% FCS and 0.02% NaNj3 such that the final concentrations were 20
ug/mL and 8 png/mL, respectively.  After reacting on ice for one hour, anti-Flag M2 antibody
was added to the mixture, and then reacted on ice for another one hour.  The cells were washed
and reacted with FITC-anti-mouse IgG on ice for 30 minutes. Diabody binding to the cell
surface was measured by flow cytometry. (EPICS ELITE, COULTER).

[Example 4] Analysis of the lymphoma cell death-inducing activities of CD22 diabodies
B-lymphoma cell lines, Raji and Daudi, were plated onto-24-well plates at a density of
2x - '5x 10° cells/well. Purified LL2 diabody or RFB4 diabody were added to each of the wells,
which were then cultured at 37°C.  The cells were collected 20 hours later, and dead cells were
labeled by édding PI and then reacted at room temperature for 15 minutes. . Thereafter, the
percentage of stained dead cells was measured by flow cytometry (EPICS ELITE, COULTER).
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. Industrial Applicability

This invention provides minibodies with high specific activities. By using these
minibodies, adequate drug efficacy can be expected even with a short half-life. The minibodies
of the present invention are further expected to be able to separate drug efficacy. from toxicity.

In addition, since overall cost is reduced, including reducing clinical dose and production cost,
economical problems of concern in the development of antibody pharmaéeutic;als are also

expected to improve.
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CLAIMS

1. A minibody that recognizes CD22.

2. The minibody of claim 1, wherein the minibody is a diabody.

3. A rﬁinibody of any one of (a) to (f):

(a) a minibody comprising the amino acid seQuence of SEQ ID NO: 1 or 3;

(b) a minibody functionally equivalent to the minibody of (a), and comprising the amino
acid sequence of SEQ ID NO: 1 or 3 wherein one or more amino ac1ds are substituted, inserted,
deleted, and/or added;

(c) a minibody comprising the amino acid sequences of a CDR of SEQ ID NOs: 5 and
7, '

(d) a minibody functionally equivalent to the minibody of (c), and comprising the amino
acid sequence of a CDR of SEQ ID NOs: 5 and 7 wherein one or more amino acids are
substituted, inserted, deleted, and/or added;

(e) a minibody comprising the amino acid sequences of a CDR of SEQ ID NOs: 9 and
11; and

(f) a minibody functionally equivalent to the minibody of (c), and comprising the amino
acid sequence of a CDR of SEQ ID NOs: 9 and 11 wherein one or more amino acids are
substituted, inserted, deleted, and/or added.

4. A method for producing a CD22-recognizing antibody with increased activity by converting |
a CD22-recognizing antibody to a low-molecular-weight antibody.

5. The method of claim 4, wherein the conversion is conversion to a diabody.
6. The method of claim 4 or 5, wherein the activity is an apoptosis-inducing activity. - .

7. An apoptosis-inducing agent comprising the minibody of any one of claims 1 to 3, or the

minibody produced by the method of any one of claims 4 to 6, as an active ingredient.
8. The apoptosis-inducing agent of claim 7 that induces tumor cell apoptosis.

9. The apoptosis-inducing agent of claim 8, wherein the tumor cell is a lymphoma or leukemic

cell.
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10.  An antitumor agent comprising the minibody of any one of claims 1 to 3, or the minibody

produced by the method of any one of claims 4 to 6, as an active ingredient.
11.  The antitumor agent of claim 10, wherein the tumor is a blood tumor.

12. The apoptosis-inducing agent of any one of claims 7 to 9, wherein the antibody isa

diabody.

13.  The antitumor agent of claim 10 or 11, wherein the antibody is a diabody..
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ABSTRACT

CD22 diabodies, in which heavy-chain and light-chain variable regions are linked by a

5-mer linker, were produced based on known sequence information for two types of anti-CD22

antibodies. The two diabodies produced were analyzed for their activity of binding to

lymphoma cells and.inducing lymphoma cell death (apoptosis). As a result, both diabodies

~ were revealed to bind to the B-lymphoma cell line, “Raji”, and to have apoptosis-inducing

activity towards Raji cells as well as towards another B-lymphoma cell line: Daudi cells. These
results show that minibodies of antibodies that recognize CD22 can be used as

apoptosis-inducing agents for tumor cells such as lymphoma cells.
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